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MEASUREMENT OF RELATIVE CROSS SECTIONS
FOR SIMULTANEOUS IONIZATION AND EXCITATION

OF THE HELIUM 42s AND 42p STATES
by

John F. Sutton
Goddard Space Flight Center

1.0 INTRODUCTION

This research is concerned with the measurement of the relative cross sections for simultaneous
ionization and excitation of helium into the n = 4 levels by electron impact. These energy levels are
nearly degenerate. One may determine the relative populations by either (a) interferometry (Larson
and Stanley, 1967) or (b) lifetime separation. Method (a) involves the separation and detection of
weak radiations that differ in wavelength by only about 1A, which requires rather sophisticated inter-
ferometric techniques. Because the lifetimes of the degenerate n = 4 levels of He* have sufficient time

separation for analysis, method (b) was deemed the more promising approach and was chosen for the
present study.

The results of the measurement will be compared with theoretical predictions. The results also
are useful for the development of an absolute ultraviolet intensity standard at 12154, as discussed in
Section 3.4, and, in addition, may be useful in certain types of Lamb shift measurements, those in
which the relative populations of the degenerate levels are important.

2.0 LIFETIMES AND RELATIVE POPULATIONS IN He*

2.1 Natural Lifetimes

In the absence of other perturbing influences, an excited atom will spontaneously decay because
of the interaction between the atom and the zero-point electromagnetic radiation field. The results of
a rigorous mathematical treatment involving quantization of the radiation field and the use of time-
dependent perturbation theory (e.g., Heitler, 1944) can be simply stated in terms of the Einstein tran-
sition probabilities (Einstein, 1917).

Assume that an atom has an excited level j and several lower levels k. The Einstein coefficient
A ik is defined as the probability of spontaneous transition, accompanied by photoemission, from level
jtolevel &.  The total decay probability is therefore

A]-=§A].k : (1)
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For a dipole transition,

A4, = constant X V].3k P> ].Zk , 2)

where v, is the emission frequency and <P> ik is the dipole-moment expectation value. The value
<P> can be readily calculated for one-electron atoms through the use of the weli-known hydrogenic
wave functions. The resulting values of A ik have been tabulated (Wiese et al., 1966).
If n; atoms have been excited to level j, the decay rate is given by
n, = —n].A i3

hence,
n(t) = n].(O)e'Ai’ . 3)

1 f"f‘o) o
tan.(r
nl'(o) () ’

=4, / te™ it dt

0

One can define a mean lifetime

Ny
I

=A7. (4)

Thus, the coefficient 4 is the decay constant for spontaneous decay. The number of photons per
second of radiation with frequency Vik would then be

O (0= m (DA,

= —A it
=A;n(0)e 7" .

2.2 Relative Populations of Excited States of He*

When a beam of electrons is directed into a volume of neutral helium gas, a small percentage of
the helium atoms will become simultaneously ionized and excited. These atoms will decay according
to the hydrogen-like decay scheme illustrated in Figure 1. The rate of population of level j (neglecting
cascades from higher states) is

" pop = XQo; 5 (5)
where

Q0 ; = cross section for simultaneous ionization and excitation to level j from the ground state

and
Iol'
X >
e

i

in which I is the beam current, p is the gas density, /' is the effective electron path length, and e is the
charge of an electron.
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Figure 1—Partial energy-level diagram for helium |1, showing
hydrogen-like degenerate levels.

As discussed in Section 2.1, the depopulation rate is

" depop = 1 4;

=-n §A,-k

|
S

Therefore, the total rate during the time the beam is on would be

njtotal = j pop +njdepop

=XQo; ~m4;

(6)




The solution to Equation 6 is

— QO] 7
where
v =1- et

The rate of photon emission due to the j — k transition would then be
¢jk([) = n]'([)Ajk

Ajk
7

Hence, the populations of the excited states of He™ are pumped by an electron beam and decay
with natural lifetimes of a few nanoseconds in a manner completely analogous to the charging and dis-
charging of capacitors in a set of RC circuits. In the present investigation of He™, the natural lifetimes
of interest, obtained from the Einstein A coefficients tabulated by the National Bureau of Standards
(Weise et al., 1966) for H and scaled according to Z*4, are

Tap = 0.769 ns,

Taa = 2.26 ns,

Typ = 4,53 ns,
and

Tae = 14.16 ns.

These times, analogous to RC time constants, indicate that in order for all of the states of interest
to be excited to saturation, the electron pulse duration should be approximately 37,  or 42.48 ns. Be-
cause of the difficulty of analyzing the resulting composite decay curve, however, it was deemed advis-
able to employ a much shorter pulse (1 to 2 ns) to accentuate the faster components relative to the
slower ones. The effect of this shorter pulse duration is discussed in Section 6.0.

2.3 Cascades

If only first-order cascades are considered, the contribution to the population of the jth (e.g., 4s)
level due to cascades from the higher kth (e.g., 5p) level is given by nkAkj; i.e.,

nf (t)=XQ0j—njAj+nkAkj > )]
where
XQor Yk
n (1) = (10)
Ak



The solution to Equation 9, with n k(t) as in Equation 10, is

. ¢ +C, C
0= A.—Ak7f(7" —) (11)
j i
where
_ XQoxAk;
=
Ak
and
C, —=-xQ0]. .

Note that the cascade causes a second exponential decay to appear in the depopulation rate of
level . To find the relative importance of these exponentials, one can compare the coefficients as
follows:

n Qo4 A; Ay

This ratio, expressed in percent, has the following values:

0.22 percent, for k = 5p and j = 4s,
and

0.73 percent, for k = 5p and j = 4d.

These errors are small compared to the effects of the random noise in the data and may therefore be
neglected.

3.0 PREVIOUS STUDIES
3.1 General Theory

The theoretical calculations of Dalgarno and McDowell (1956), Lee and Lin (1965), and Ander-
son, Lee, and Lin (1967) are based on a Born approximation treatment of the electron-atom collision.
Dalgarno and McDowell begin their treatment by expressing the differential scattering cross section in
the form

-

k - 5 a%
I dkddQ' = = |N|"dk dQ a9’ — ,
K k; 27
where atomic units are used, ki and kf are the wave vectors of the incident and scattered electrons,

respectively, and
N= f f f Viry, tp, 1)y, )Wy, 1y)e =% %o ar ar | ar, ,

(where k is the momentum of the ejected electron)



in which

1 1 2
V=2 + - — .
[fo=r| [T =% [T
For the initial wave function gl/,.(r1 s Ty), Dalgarno and McDowell choose a product of two hydrogenic
wave functions with effective charge Z:
\0,(1'1 5 r2) = ¢(r1 5 Z)¢(l'2 > Z) 3

where the spin part of the wave function is neglected because exchange effects are unimportant in this
approximation. For the final-state wave function, they choose

1
lnbf'(rl s rz) =:/__'2_[¢n1 (rl )EK(fz) + ¢nl (rZ)EK(rI)] s
in which ¢,, is the wave function of the nl state of He*, normalized to unity, with nuclear charge
Z'=2, and ¢, is a wave function of an ionized (unbound) electron, normalized according to

K
(2m*?

£, ~ exp {=ik[Z+ Bk In k(r - Z)1}

Lee and Lin (1965) and Anderson, Lee, and Lin (1967) use the same procedure except for the
approximation of the final wave function, which they give as the continuum wave function in a Cou-
lomb field of charge Z"' (after Sommerfeld, 1931), where Z'' is effectively a somewhat arbitrary param-

eter in the calculation.

3.2 Theoretical Calculations of Cross Sections of He*
Dalgarno and McDowell (1956), using the Born approximation, calculated cross sections for the
processes

e+He—e+Het (n) +e

and

H" + He—> H* + He* (n)) + e,

for
nl = 2p, 3p, 4p, 3d, and 4d .

Due to a large degree of arbitrariness in the choice of the initial and final wave functions, errors of the
order of a factor of five were predicted. However, Dalgarno and McDowell pointed out that simul-
taneous ionization and excitation of helium should occur with about the same efficiency as double
excitation and that the rate of population of the excited states of He™ should be approximately
1/200th the rate at which single excitation populates excited states of He".

Lee and Lin (1965) extended the Born approximation calculation of Dalgarno and McDowell to
include the 4s state. By using the 4p and 4d calculation of Dalgarno and McDowell as a guide for
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choosing a value of effective nuclear charge, their calculations were extended to include the 41 state.
The results of their calculations indicated that about 90 percent of the total 4 = 3 emission originates
in the 4s = 3p transition. This is due to the fact that the 4s state can cascade to 3p and 2p (with an
intensity ratio of 3:4), whereas the majority of the atoms in 4p cascade to 1s, leaving only a small
fraction of the 4p population for the 4p = 3s and 4p — 3d transitions. If a cascade correction of 10
percent for the calculation of Lee and Lin is assumed, the theoretical value obtained by Lee and Lin
for the total cross section agrees with the experimental results of St. John and Lin (1964 and 1967)
(described in the next section) to within 15 percent. The factor-of-5 errors mentioned by Dalgarno
and McDowell in the calculation of cross sections for the 4p and 4d states do not apply to the 4s state,
which contributed the majority of the 4686A radiation.

Anderson, Lee, and Lin (1967) extended the Born approximation calculations of Dalgarno and
McDowell and of Lee and Lin to compute the direct ionization-excitation cross sections of the ns, np,
and nd states (where n = 5, 6, and 7), from which the theoretical excitation cross sections of the
5—3, 63, and 7 — 3 transitions were calculated. In each case, the ns = 3p transitions were found
to account for about 90 percent of the total radiation of the n = 3 transitions. Agreement to within
factors of 2 to 3.5 times the measured values was claimed. Cascade contributions to the observed in-
tensities of the three lines were estimated to be less than 5 percent. Table 1 is a summary of the cal-
culations and measurements of Lee and Lin and of Anderson, Lee, and Lin.

3.3 Experimental Results of Cross-Section Measurements of He*

Hughes and Weaver (Hughes and Weaver, 1963; Weaver and Hughes, 1967) measured the absolute
cross sections for the excitation of the He™ 4686A line as a function of energy from threshold to
500 eV (Figure 2). Their apparatus consisted of a brass chamber filled to about 10 um pressure with
natural helium, the electron gun from a type 3API cathode-ray tube (CRT), and a deep Faraday cup
for collecting the electrons. The 4686A line was isolated via a spectrometer, and a maximum-level
cross section g (4~ 3) of 10.2 X 102! ¢m? , at approximately 200 eV, was measured. The abso-
lute calibration was obtained by measuring simultaneously the excitation functions of the He II line
and an adjacent known He I 47134 line (Stewart and Gabuthuler, 1959) and by normalizing to the
latter. It should be noted, however, that the absolute cross section of the 4713A line is still uncertain
to approximately +20 percent.

St. John and Lin (1964 and 1967) also measured the absolute cross section for the collision pro-
cess that yields the n = 4 = n = 3 transitions in He*. The apparatus used was different from that of
Hughes and Weaver in that a flat plate positively biased to 45 V was used to collect the beam electrons,
rather than a deep Faraday cup. In addition, the use of a mechanical light-chopper wheel operating at
a rate of 140 pps made it possible to use a lock-in amplifier in the data-reduction signal path. An
analog computer was employed to calculate automatically the ratio of the light yield to the electron-
beam current. The output of the computer was displayed on an oscilloscope and photographed.

St. John and Lin estimated that the peak of the total cross section for the n = 4 - n = 3 transi-
tion is 9.8 X 10~2! ¢m2. Because the branching ratios for the various members of the observed tran-
sitions are different, the separate cross sections for the direct excitation-ionization process to the
various members of the n = 4 states could not be determined. The curve obtained agreed qualitatively



Table 1—Calculated and experimental values of cross sections (in 10~2! ¢m?) of He* for excitation-
ionization by electron impact (Lee and Lin, 1965; Anderson, Lee, and Lin, 1967).

Value of Cross Section (in 107! ¢cm?)
Cross Section o
200 eV 270 eV 340 eV 405 eV 450 eV

Q(He*, 4s) 8.1 8.2 7.6 6.9 6.6
Q(He*, 4p) 2.9 3.1 2.9 2.8 2.7
Q(He*, 4d) 0.68 0.69 0.66 0.62 0.57
Q(He', 4 — 3)* 3.7 3.8 3.5 3.2 3.0
Q(He*, 4 — 3)** 9.8 9.1 7.9 7.0 6.5
Q(He", 5s) 3.8 3.8 3.5 3.2 3.0
Q(He*, 5p) 1.4 1.4 1.4 1.3 1.3
O(He*, 5d) 0.36 0.36 0.34 0.32 0.30
QO(He*, 5 — 3)* 1.4 1.4 1.3 1.2 1.1
QO(He', 5 = 3)** 2.6 2.8 2.4 — —
Q(He", 6s) 2.1 2.1 1.9 1.8 1.7
Q(He*, 6p) 0.78 0.80 0.77 0.74 0.71
O(He*, 6d) 0.13 0.12 0.10 0.09 0.08
Q(He*, 6 > 3)* 0.63 0.63 0.59 0.54 0.51
QO(He*, 6 = 3)** 1.9 1.8 1.7 . —
Q(He*, 7s) 1.3 1.3 1.2 1.1 1.0
QO(He", 7p) 0.48 0.49 0.48 0.45 0.44
Q(He*, 7d) 0.08 0.49 0.48 0.45 0.44
QO(He*, 7> 3)* 0.08 0.08 0.07 0.06 0.05
Q(He", 7 — 3)** 0.35 0.35 0.31 0.29 0.27 J

*Theorctical.
**Experimental.

in shape with that of Hughes and Weaver: There was a single, broad maximum at approximately 150
eV, whereas Hughes and Weaver had a maximum at approximately 200 eV (Figure 2); there was a peak
value of 9.8 X 10721 ¢m?, compared with the 10.2 X 10721-cm? peak of Hughes and Weaver (showing
agreement to within 4 percent). The single, smooth, broad maximum indicated a lack of secondary
processes such as step-wise excitation and transfer of excitation. In addition, the excitation-ionization
function was independent of pressure from 3.7 to 22 um.
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Figure 2—Total cross section for n = 4->n =3 vs, electron energy {Hughes and Weaver, 1963; Weaver and Hughes, 1967).

3.4 Scope of the Investigation

As is evident from the previous sections, although theoretical calculations of the relative cross sec-
tions of the excited states of singly ionized helium have been made, the experimental situation remains
unsatisfactory. It is the purpose of this investigation to make a measurement of the cross sections of
the 4%s and 42p levels to verify the theoretical calculations discussed previously.

Of primary practical importance is the use of the measured relative cross sections in an ultraviolet
intensity calibration source. As is shown in Figure 1, the 4 - 3, 4686A transition is accompanied by a
4 — 2 transition which has the same wavelength as the important Lyman-« transition in hydrogen
(1216A). With the relative cross sections and transition probabilities known, it is possible to calculate
the relative light fluxes at the two wavelengths emitted by a chamber filled with helium and excited by
an electron beam. Thus, by comparing the visible radiation to that from a standard lamp, the helium
gas becomes a transfer standard for the vacuum ultraviolet at 1216A.

4.0 EXPERIMENTAL TECHNIQUE
4.1 Decay Analysis Technique

There exists a technique (Pendleton, 1964) for observing and analyzing atomic decays which em-
ploys a modified sampling cathode-ray oscilloscope (CRO). Pulses in synchronism with the pulse



modulation of an electron beam are used to trigger the sampling CRO. The pulsed electron beam ex-
cites atomic decays in a gas. A photomultiplier tube (PMT), in conjunction with a high-gain preampli-
fier, is used to provide light intensity information (proportional to the populations of the excited
states in the gas) to the vertical-axis input. The sampling CRO functions in the normal manner, with
the exception that because of the extremely noisy nature of the PMT signal, the averaging time of the
instrument must be greatly augmented (e.g., by a factor of 10%). The increased averaging time neces-
sitates a very slow time sweep, with the attendant problems of zero-shift distortion. The very long
averaging times required ruled out this technique for the present investigation.

Another technique, the one employed here, involves the use of a time-to-pulse-height (TPH) con-
verter and a multichannel analyzer (MCA); this is the delayed coincidence technique used to study
nuclear decays. As is shown in Figure 3, a pulse generator provides a succession of narrow rectangular
pulses to the cathode of a vacuum tube, which serves as an electron gun. The gun is located in a
vacuum chamber filled to a pressure of 1 to 100 um of mercury with the type of gas to be investigated.

PMT

NARROW BAND FILTER

PREAMPLIFIER

]
PULSE GENERATOR —-]:

STOP
START CONSTANT-FRACTION
T ER
H CONVERTER TIMING DISCRIMINATOR

— MCA —/t\—

——

Figure 3—Block diagram of the apparatus.
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The light emitted by the atomic decays in the excited gas is detected via a narrow interference filter by
a PMT, and synchronizing pulses from the pulse generator are employed to control the TPH converter.

Each time a pulse from the pulse generator turns the electron gun on for a brief interval, electrons
flow from the cathode to the collector wall. During this time and for a short time afterwards, deter-
mined by the atomic decay times involved, there is a small but finite probability that a decay photon
will pass through the lens system of the apparatus and cause the PMT to generate an output pulse. Be-
cause of the exponential character of the decay, this probability is greater for shorter time delays than
for longer time delays. Thus, more PMT pulses will occur within a small time of the input pulse than
will occur later. The TPH converter changes this time information to voltage pulses and stores these
pulses, according to amplitude, in channels in the MCA memory bank.

4.2 Apparatus
4.2.1 Excitation System

As is discussed in Section 2.2, the pulse generator employed in this experiment was required to
have a narrow (1 to 2 ns) pulse width and, therefore, fast rise and fall times. The pulse generator
chosen, the fastest available, had rise and fall times of 0.3 ns and a pulse amplitude of 10 V. Because
the probability is <1 that a coincident decay photon will be detected by the PMT within 100 ns of the
excitation pulse, the pulse generator was also required to have a high repetition rate. The device
chosen had a maximum repetition rate of 1 MHz.

The electron-gun assembly consisted of a 7587 Nuvistor,* with the metal shell cut away just above
the base. The 7587 Nuvistor was chosen because of the large bandwidth required, i.e., about 1010 Hz.
Further, the problems of transit-time effects eliminated guns of larger physical dimensions from con-
sideration. The grounded-grid configuration was chosen because it provided a good impedance match
to the 50-§2 input cable and because it was less susceptible to distortion resulting from interelectrode
capacitances. A modified coupling capacitor provided dc isolation for the input signal line. The CRO
monitoring of the input pulse was facilitated by a coaxial signal pickoff, which presented a 5-k&& dc
resistance to ground and therefore served the additional function of preventing charge buildup on the
input cable. The first grid was ac grounded by three short leads spot welded to the remaining portion
of the metal shell. The tube was inserted into a Nuvistor socket, which was mounted in an ultrahigh-
frequency (UHF) connector in such a way as to preserve the cylindrical geometry of the coaxial cable
and the tube. A 1/2-in.-diameter hole was bored through an adjacent connector (which served as the
shield for the current probe and as the electron collector) to permit the observation of the decay pho-
tons. A 1/4-in.-diameter brass disk supported on wires was mounted across the opening to block the
light emitted by the hot cathode. The electron-gun circuitry is illustrated in Figure 4, the assembly in
Figures 5 and 6, and the modified 7587 in Figure 7.

The input cable itself required careful selection because it was necessary to keep the cable at least
50 ns long to prevent any reflection from causing spurious responses during the conversion time of the
TPH converter (100 ns). Such a long cable is subject to ““dribble up”, a rounding of the corners and

*Registered trademark, RCA.
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Figure 4—Electron-gun schematic diagram.

Figure 5—Complete electron-gun assembly.



Figure 6—Electron-gun assembly: electron collector removed.

Figure 7—Modified 7587 electron gun.
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alteration of the slope of the top of a fast rectangular pulse, caused by dielectric losses. Accordingly,
7/8-in.-diameter air-dielectric cable was chosen; the overall rise time of this cable was less than 0.1 ns.

4.2.2 Detection System

Because of the expected low light intensities, a fast lens system was employed to focus the image
of the excitation region via a window in the vacuum chamber wall onto the PMT photocathode. For
the same reason, a narrow-band (approximately 10A) interference filter was used instead of a mono-
chromator for wavelength selection. The filter bandwidth was narrow enough to suppress the nearest
strong interfering helium line, that of He I 43s - 23p, at 4713A.

The PMT selected had a fast rise time (approximately 2 ns) and a small transit-time spread (approx-
imately 2.5 ns) due to a focused geometry construction. A small capacitor was wired across the output,
and an integrating amplifier was used to optimize the shape of the pulse applied to the input of the
constant-fraction timing discriminator. The latter was employed to eliminate timing (i.e., “walk™)
errors due to varying pulse amplitudes. This is accomplished by triggering an output pulse when the
input pulse reaches a constant fraction (e.g., 0.2) of its peak value, independent of the magnitude of
the peak value.

It was necessary to wire the PMT with the photocathode at a high potential above ground. This
eliminated the high-voltage coupling capacitor and the danger of destroying the sampling CRO input
diodes with current surges when the PMT high-voltage power supply was turned on or off. Spurious
pulses due to high electric-field intensities across the glass envelope of the PMT were eliminated by con-
necting the mu-metal shield to the cathode potential and by coating the window of the PMT with a
transparent conductive compound that is commonly used as an anti-static compound for plastic meter
faces. Radiofrequency (RF) shielding was provided by fastening a fine-mesh wire screen across the
entrance aperture of one of the lenses.

4.2.3 Vacuum System

The collision chamber was evacuated by a liquid-nitrogen-trapped 4-in. oil diffusion pump, backed
by a mechanical forepump. A molecular sieve foreline trap was installed to prevent forepump oil vapor
from contaminating the diffusion-pump oil. The chamber could be isolated from the vacuum system
by the use valves for operation with helium at high pressure (approximately 20 um of mercury).
Helium pressures were monitored via a Pirani gage, which was calibrated against a tilting McCleod gage.
The helium gas was introduced into the chamber through a variable-leak valve. The input line was
trapped with a liquid-nitrogen-cooled zeolite trap to preclude accidental contamination of the vacuum
system. Another zeolite trap was mounted on the chamber itself to trap impurities that might be pres-

ent in the system.

An ionization gage was used to ensure that the residual pressure in the system with the high-
vacuum system pumping was less than 5 X 10”7 mm of mercury.
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5.0 SYSTEM CALIBRATION

5.1 Time-Base Calibration

All of the timing calibrations performed on the electronic portions of the apparatus were referred
to standard lengths of coaxial cable. The pulse delay times provided by these cables were known to
within 0.1 percent. The TPH-converter and MCA linearity and full-scale calibration were checked by
accumulating data in the usual manner (discussed in Section 4.0) and then rerunning the apparatus
with no change in the setup other than the insertion of a calibrated length of cable in either the start
line or the stop line. The overall system linearity was limited by that of the TPH converter, i.e., about
0.1 percent. The full-scale calibration accuracy was that of the standard cables used.

5.2 System Rise Time

Three separate checks of the system speed were made. First, a Monsanto MV-50 light-emitting
diode (LED) was used as a light source in place of the electron gun-excitation chamber combination.
The manufacturer quoted a nominal decay time for the MV-50 of 1 ns. The curve obtained with the
TPH converter and MCA (Figure 8) has a two-decade pure-exponential decay region, with a slope
corresponding to a decay time of 0.8 ns, followed by an irregular curve similar to that obtained by
Redfield, Wittke, and Pankove (1970). The
rounding evident at the peak is discussed in Sec-
tion 6.4.1. Because of variability from lot to lot,
the manufacturer was unable to quote any accu-
racy for the LED decay constant; hence, this
calibration can be considered nominal only.

1000

300

200

A second rise-time calibration involved the
measurement of the decay time of the fast com-
ponent at 3900A of a sample of P-15 phosphor.
The decay time is known to be less than approx-
imately 4 ns and is probably approximately 1 ns
(Kay, 1967). The present measurement indicated
a decay time of 1.04 ns.
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The third rise-time check was made by con-
sideration of the helium data. During the
analysis of the composite decay scheme, suc-
cessive exponentials are subtracted until the only
data remaining must represent the fastest helium
component, i.e., that with the 0.769-ns decay
time. This remaining portion of the curve must
have very nearly the proper slope, as is evidenced
by the accuracy of the curve fit. Theoretically,

o 1 2 3 4 5 6 7 8 9 the system rise time should be of the order of
TIME {ee) 0.12 ns if it is limited by the performance of the
Figure 8—Decay curve for the Monsanto MV-50 LED. TPH converter. The constant-fraction timing
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discriminator, because of its insensitivity to pulse amplitude, largely eliminates timing errors from this
source. A far more serious problem involving the PMT is discussed in Section 6.0.

5.3 System Linearity

As was described previously, the system timing linearity was checked by the systematic insertion
of calibrated lengths of coaxial cable into the start and stop lines of the TPH converter. An amplitude-
linearity check was obtained by analysis of the P-15 phosphor data. The 3900A component is known
to consist of a single, pure exponential. The data obtained from the measurement described previously
included a fast component which exhibited a uniform exponential decay with no detectable non-
linearities. These two linearity checks indicated a system timing linearity of about 2 percent. Ampli-
tude nonlinearity was negligible except for a rounding effect at the peak of the decay curve. This
effect is discussed in Section 6.0.

6.0 DATA ANALYSIS
6.1 The Problem

A complex decay curve consisting of a sum of exponentials must be analyzed. From Equation 8,
the ratio of the light fluxes for two modes of decay is

D (A,

Sim (D (DA,
_ QoA
QoA im A

(12)

After beam cutoff, the depopulation rate is (neglecting cascades)
n; = n].(t)
= -n].(t)Aj ,
or

- —Ajt
n].(t) = nj(O)e it
where ¢ is time after beam cutoff and nj.(O) is the population of the jth level at beam cutoff. Then,
9; = mA,

- —A;t
= n].(O)e i A].
= 2 %

k
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thus,
G = 1Ay
= n].(O)A].ke'Ai‘ . (13)
In particular, for the He* »n = 4 states

bgz(tota) =o, 30 + 0y 3t Oypi3a t Paanap T Parza

- [n4S(O)A4S->3pe_t/T4s + n4p(0)e-t/14p (Agpzs T Aspaza) T n4d(0)A4d—>3Pe_t/T4d
+ 1, (0)A ;5 g0~ ™1] (14)

A computer program (discussed in Section 5.0) was developed to analyze the MCA data, beginning at
beam cutoff. The computer program solved for the relative magnitudes of the coefficients of the ex-
ponentials in Equation 14. These coefficients were then used to solve for the relative cross sections,
i.e., from Equation 12,

Qo; (DA, A (T)

= - , s
QOI ¢Im (T)A/'kAI’y]'(T)
where T is the pulse duration; but from Equation 13,
9,1 = 8,,(t = 0)
= n].A].k
= n,(0)A,,e™ 0
= n].(O)AJ.k .
Hence,
¢jk(T) n].(O)A]-k
¢,m(T) nl(O)AIm ’
and
— T/
Qo _ 7041 =) (16)
Qo1 n(0)4,(1 -~ Thj)
The computer program solved for
n4p(0) A4p->3s +A4p—>3d
i =C, , (17)
n4s(0) A4s-»3p
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1,44(0) A4d—>3p

=C, (18)
2 3
n4s(0) A4s—>3p
and
1,0) Aypozq —c (19)
1, (0) A4S_>3p 3
from which one can obtain
O(He*, 4p) AggrapAap(l = T/ras)
— =G iy , (20)
Q(He*, 4s) (Agporzs + Agpoza)Aasl =€ T/7ap)
— ~-T/r s
Q(He*, 44d) ApszpAagl —e 778 )
=C, : 1))
O(He*, 45)  ~ Ayq 3 4,1 —& /)
and
-— "'T/T s
Q(He", 4f) AgapAa(1 =€)
PN Z1in (22)
Q(He", 4s) Ay 3qAa (1 — €7TIman)
6.2 FRANTIC

An attempt was made to analyze the data by means of a fairly elaborate least-squares-fitting
digital-computer program similar to FRANTIC (Rogers, 1962). During the course of analyzing a com-
plex decay scheme consisting of a sum of exponential decays, FRANTIC develops a matrix equation
Ax =b, where A is m X n. It then forms AT and C = ATA and solves Cx = d, where C is m X m. This
technique requires the calculation of A™1; but, due to the severe scatter in the data, A becomes singu-
lar, and no inverse can be calculated.

A modification of this technique in which the “Q-R decomposition” of A is formed eliminates
the necessity of calculating an inverse. In this technique, matrices Q and R are formed such that
A = QR, where QT = Q™! and R is upper triangular. Then, f = QTb is found and Rx = f is solved. This
technique seemed to be more stable than the original FRANTIC technique, but because of the scatter
in the data, it was unable to produce reasonable results.

6.3 MADCAP

Finally, MADCAP,* a new computer program, was developed. This program closely follows the
technique one would employ if faced with the problem of manually analyzing the MCA data, where

*“MADCAP Program for Analysis of Exponential Decay Curves”, by J. F. Sutton and A. J. Villasenor (unpublished),
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the lifetimes are accurately known. The data are first plotted on semilog paper. Then, the straight por-
tion of the decay curve is fitted to the longest-lived component by subtracting the background. The
magnitude of the constant value of the background subtracted is adjusted until a least-squares fit of a
straight line with the proper (known) slope is obtained. The magnitude of this first exponential com-
ponent is calculated, and the entire first exponential is subtracted point by point from the data from
which the constant background has previously been subtracted. Similarly, another exponential is fitted
to the tail of the remaining data curve, subtracted, and so forth, until all of the exponential decays
known to be present in the composite curve have been subtracted out.

MADCAP calculates three indicators of the quality of the analysis: the standard x2 value, a
cumulative fractional absolute difference (between the calculated curve and the original data), and a
set of point-by-point differences between the curves. The standard x? value calculated should be of
the order of the number of counts in one channel of the MCA. The cumulative fractional absolute

difference,
. =N 1|, - ~Ajt
Absolute difference = Y, ae ity |,
- Vi : i
i ]

gives a useful absolute indication of the quality of the fit. In the case of noisy data, it was found that
an absolute difference of 1 percent represented a good fit. An absolute difference of 5 percent could
be considered bad. The point-by-point differences give the most reliable indication of the quality of
the curve fit. In the case of a very good fit and truly random background noise, these differences will
all be of the same order and of randomly changing signs as one progresses along the curve.

MADCAP contains an optional smoothing subroutine that is useful in preliminary analyses of
noisy data. Each point is averaged with two, or four, or six, etc., neighboring points, the number being
a parameter chosen by the operator.

6.4 Data

Several data runs were taken under various experimental conditions. Runs were made at several
pressures and average electron-beam currents to be certain that nonlinear effects due to secondary pro-
cesses were not severe. Difficulties were experienced in obtaining enough counts in the data curves to
ensure adequate statistical confidence. This was the result of a tendency for the oxide-coated cathode
of the electron gun to become poisoned when the vacuum system was isolated from the high-vacuum
pump. The data from several runs were analyzed carefully with the aid of MADCAP. The run that
exhibited the best fit to the theoretical decay times is presented in Appendix A.

The analysis of Appendix A, as well as those following, proceeds as follows. First, that portion
of the data from the MCA chosen for analysis is displayed in a table. Next, this is plotted on a three-
cycle semilog scale. The constant background, a number obtained from channels of the MCA collected
earlier in time than the beginning of the beam pulse, is subtracted, and the result is plotted. The
straight portion of the curve is fitted to the longest-lived decay component present, that due to leakage
of small amounts of light from the brighter lines of helium through the skirts of the filter. The least-
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squares iterative fitting process is then displayed in a table. Next, the computed values of the exponen-
tial are compared with those of the data on the straight portion of the experimental curve. After the
least-squares fit, the adjusted curve is plotted, the exponential is subtracted from this curve, and the re-
sult is listed and plotted. This procedure is continued until all of the remaining exponentials known to
be present have been subtracted out. In this case, there are four remaining helium exponentials, mak-

ing a total of five.

After the last exponential has been plotted, the results of the fitting process are displayed. First,
the magnitudes of the computed exponentials are given. Then, the computed values, the experimental
values, and the differences are listed. Finally, as described in Section 6.0, the x? and absolute differ-

ence values are given.

The data in Appendix A were taken at a 10-um pressure for 3 1/2 hours with the MCA in the
accumulate mode, followed by a 3 1/2-hour run in the subtract mode with the helium removed in
order to subtract the effect of a background consisting of two exponentials. It is believed that this
background was developed by excitation of small amounts of CO evolved by the cathode of the elec-
tron gun. Several data runs at different pressures indicated that the CO background was independent
of helium pressure and could therefore be subtracted in this way.

The analysis of Appendix B is a duplicate of that of Appendix A, with the exception that the
analysis was begun at an earlier time (the time of the peak of the data curve). The last two curves in
Appendix B are rounded near the vertical axis. The cause of this distortion is discussed in the next

section.

6.4.1 Data Curve Distortion

The helium data chosen for study and used in Appendix A are from that portion of the original
MCA curve beginning seven channels, or approximately 2 1/3 ns, from the location of the peak. For
the first 2 1/3 ns, the original curve exhibits rounding, which indicates that the simplified analysis of
Section 6.1 must be modified. It is believed that there are two major causes of the data distortion: a
distorted effective current pulse shape, and time jitter in the PMT. Because of transit-time effects, the
effective current pulse is believed to be somewhat triangular in shape. The total transit time for 200-
eV electrons traveling the 1/4-in. radius of the collision region is 0.7 ns. With a 0.3-ns input-pulse rise
time, the rising and falling portions of the effective current pulse would then be approximately 1 ns
in duration. The transit-time spread of the PMT is a quasi-Gaussian function with a full width at 1/e of
2.5 ns. The convolution effect of this function will be described later.

As was noted above, the simplified analysis of Section 6.1 must be modified to account for the
distorted effective input-current pulse shape. The relative magnitudes of the exponentials are known
at #;, the time of the beginning of the digital-computer analysis. There is no excitation of the atomic
states between t, —the time of the end of the input current pulse—and s hence, during the interval,
the decays would be pure exponentials, allowing calculation of relative magnitudes of the exponentials
at £, with digital-computer data obtained for ¢, . To find the cross-section ratios, however, it is neces-
sary to know the shapes of the RC-like atomic level populations in response to the distorted effective
input current pulse shape. These shape functions were found by exciting analog-computer-simulated
RC circuits with triangular voltage pulses and recording the capacitor voltages as a function of time.
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Equation 6 is rewritten:
) o]
n].(t) +A].n].(t) = [—e—:l pl QOJ.

= 0,,S,5() (23)

where s(¢) is the triangular effective current pulse shape function with unit absolute maximum ampli-
tude. The solution is

t
n].(t)=Q0].S0 [e‘Ai’ f et 4its(t) dt:l . 24)
0

The analogous equation describing the charging of a capacitor in an RC integrator circuit by an applied
voltage E(2) is
. E®
q) + RO q()=——
Eoei(t)

R

(25)

where ei(z‘) = s5(¢) is the analog-computer simulation of the effective current pulse shape function (unit-
absolute-magnitude). The solution to Equation 25 is

E, g
=7 [e*f/RC f etRCe (1) dt:l
0

The analog computer circuit in Figure 9 was employed to generate the RC circuit response functions
(capacitor voltages as a function of time) to a triangular voltage pulse (which simulates the effective
input current pulse shape) having unit-absolute-maximum-amplitude.

The responses generated by this computer circuit were displayed on an oscilloscope and photo-
graphed. They may be represented mathematically by

q;(1)
E ()=—=

C].

t
=(RC)].‘1 [e-'/(RC)ff e”/(RC)iel.(t) dt:l E,
0

= F].(t)E0 . (26)

Evidently, Equations 23 and 25 are completely analogous if the following identifications are made:
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Figure 9—Analog-computer circuit for generation of Fj(t).

n]- Eq] 5
= ROy,
and £
_Zu
QoS0 =k,

7

The function F (¢#) then represents equally well the response of an atomic system population to
0 ]S s(t) in the special case where Q0 Sy =1, or the capacitor voltage response of an RC integrator to
E e; (8)/R in the special case where E = l From Equation 24, it follows that
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m,(0) = Q0 SoF(RC), . )
Hence, the light flux ratios, analogous to Equation 12, are
¢jk(t) _ nj(t)Ajk
¢Im ® - nl(t)Alm
_ QOjF}(t)AjkAl
Qo Fi(DA,,4;

in which the identification A]. = (RC’)].‘1 has been used. Thus, the result analogous to Equation 15 is

(28)

Qo SpDF (DA, 4
Qo1 1 (DF(DA, A,

n].(t)A].Fl(t) .
= o 2
n(DAF, (1) (29)
Now, for the specific case of He*, from Equations 17 to 19 of Section 6.1,
n4p(t1) _ A4s—>3p
=C, ,
7a5(t1) A4p—>3s +A4p—>3d
nga(ty) Ay
=C, ,
nysty) A44-3p
and
n4f(t1) _ A4s->3p
V3
ngs(fy) Ago3d
Thus, the results analogous to Equations 20 to 22 are
Q(He', 4p) _ C Aysapfas(ty )A4pe(A4p—A4S)At 30)
. T Y14 ;
Q(He*, 4s) (A4po3s ¥ Aapazadlapty)Ays
Q(He*, 4d) _ c Ags3pFasty )A yqeAash! |
e e a, @D
Q(He™, 4s) Aggo3pFaaty)A, 6774
and
~AgsAt
He', 4 Ayoaplaslty YA e 9
250220 ¢, e (32)

3 3
Q(He", 4s) AgpazaFar(ty)A 048!
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where £, is the time of the end of the current pulse and ¢, is the time of the digital-computer analysis
(Appendix A) (as before, At =1t, — ¢, ), and where

Fy(t)) S F(t,)e™ 44" .

Thus, the relative amplitudes of the F].(t) functions at ¢, are determined from values obtained from
photographs of the analog-computer simulation of F].(t) atf,.

The interval At was determined by doing a graphical convolution of a 2.5-ns-wide Gaussian with
triangular pulse-excited RC-integrator signals, where the scaled RC time constants were set equal to the
corresponding atomic lifetimes. The amplitudes of the RC responses convoluted separately with the
Gaussian resulted in convolution amplitudes at ¢, , which corresponded to the results of the digital-
computer analysis at ;. The convolution of the Gaussian with the combined RC responses resulted
in a good fit to the original MCA data. The peak of the convolution was found to coincide with the
end of the triangular effective input current pulse. The digital-computer analysis begins 2 1/3 ns past
the peak of the convolution function (i.e., the peak of the MCA data curve, Figure 10); thus,

At= (1, — 1,)
=21/3 ns.

The values of the ratios of F].(tz), taken from the photographs, are

Folty)

F4p(l‘2) = 0.173,

F, ;)

F4d(t2) = 0.237,
and

Fy )

F4f(l‘2) = (0.390.

Entering these values into the equations for the cross sections, with C; = 0.288, C, = 0.690, and
C, =2.98, yields

QU 4) _ g 34
O(He*, 4s)
2l 4 . h629
Q(He*, 4s)

and
Q(He", 4f)
Q(He", 4s)

= 0.682 .
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Figure 10—Graph of helium data with constant background removed,
illustrating time relationships.

These computed values of the ratios of the cross sections were obtained by using the results of
the digital-computer analysis in Appendix A, which included no correction for the transit-time spread
of the PMT. If a truncated Gaussian time-scatter function due to system electronics (including the
PMT and the discriminator) is assumed, the effect on the data can be obtained by the convolution of
the Gaussian with the (assumed) perfect RC discharging curves. The convolution can be written as
follows:
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(fl *fz)(t)=f fl(k)fz(t_k)d)\
(V]

= f e—a}\ze_k(t—h) dn, (33)
V]

where k=771, Now,

. 1 1/2 b
j o—@t2+2btre) gp= _ (Z) e®2-acdla orfe (.._) , (34)
2\a VG,

0
where

a = constant determining the width of the Gaussian,

b = -1/2r,
and
c = kt
= t/T.

Here, one assumes that the entire convolution of interest will be made far from the origin (i.e., on the
tail of a decaying exponential). The result is an exponential decay curve with an adjusted amplitude:

T T
(fy =)= <Z)ﬁ eT/40? I:I —erf (—4—)] et (35)
where T is the effective width at 1/e of the PMT Gaussian.

6.4.2 Determination of Width of PMT Gaussian

The effective width T was determined as follows. The inside surface of the electron collector was
coated with an ethyl alcohol suspension of P-15 phosphor and allowed to dry. The apparatus was re-
assembled and evacuated. Data were obtained with the same gun assembly, optics, PMT, and electronic
apparatus used during the helium runs. The data were analyzed beginning at the point where curve
rounding is negligible. It was assumed that this curve was effectively convoluted by the PMT Gaussian,
and an analog-calculator circuit was constructed to simulate the effect. A time-scaled pulse with 0.3-ns
rise times and fall times and a time at full-width, half-maximum of 1.2 ns, simulating as closely as possi-
ble the pulse used during the P-15 data run (transit-time effects being negligible because the phosphor was
not spread over a large volume as was the helium), was applied to computer realizations of the RC times of
the phosphor. The resulting responses were separately convoluted with a simulated Gaussian-shaped pulse,
and the amplitudes of the convolutions were adjusted to conform to the computer analysis at the point
where rounding began. Next, the RC responses were summed and convoluted with the same Gaussian and
compared with the constant background removed. This process was repeated with Gaussian widths
adjusted from 1.0 to 4.0 ns. A time 7 = 2.5 ns gave the best match with the data.
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Appendix C is the analysis of the P-15 data,
starting where rounding begins. Appendix D is
the analysis beginning at the peak of the data
curve. Figure 11 is a block diagram of the analog
N convolution computer, and Figure 12 shows the

: convolutions of Gaussians of 2.0, 2.5, and 3.0 ns

with the P-15 phosphor RC responses to a rectan-
MULTIPLIER CRO gular input pulse. In Figure 13, the data have
been replotted on a single set of coordinates.

PULSE GENERATOR AUDIO BANDPASS
WITH DELAY ADJUST =3 FILTER

SIMULATED PMT GAUSSIAN

yu | CONVOLUTION This shows clearly that the experimental data fit
DISPLAY the convolution with a 2.5-ns-wide Gaussian.
From Equation 35, the ratios of the convo-
lution correction factors K(7) are
K(7))
=1.92,
SIMULATED EFFECTIVE K(T4)
CURRENT PULSE
/=
on K(r,)
m_ = 1.27,
| and
]
K(7))
Figure 11—Convolution computer. K(TZ) = L1,
where

_ (I T (T/4Ti)2‘ - - |
K(Ti) = < >\/—e 1 erf( jTi> ,

7; = decay constant of the ith exponential to be convoluted.

and

The time T is the full width at 1/e of the Gaussian.

Because the convolutions generated by the PMT caused the apparent amplitudes of the faster
components to be reduced relative to those of the slower ones, the correction factors may be applied
directly to the computer-generated constants; i.e.,

C] =C, X 1.92

=0.552,
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Figure 13—Analog-computer convolution calculations
for P-15 phosphor compared with data, showing
best fit with Gaussian of width 7 = 2.6 ns. The
points are the P-15 phosphor data; the broken
curve is the convolution with the Gaussian of
width 7 = 2.0 ns; the dot-dash curve is the con-
volution with the Gaussian of width 7 = 3.0 ns;

SN ———
//éwg%gr =] T —— and the solid curve is the convolution with the

[} "R W

//3’/1:77/'/4!"4.' the Gaussian of width 7 = 2.5 ns.

.
y = C2 X 1.27
=0.8717,
and
C; = C3 X 1.11
=3.31.
The cross-section ratios become
- - g ' +
e e He*, 4
< ———*———-——Q( p) =16.01,
= O(He*, 4s)
{c) 7=3.0ns. o+
He™, 44
Figure 12—Analog convolution calculations for P-15 Q(He+ ,4s)
phosphor, compared with data. The vertical
units are relative intensity, and the horizontal and
units are 1 ns per major division. The solid , +
curve is the P-15 phosphor data; the points are Q'(He™, 4f) — 0.757

the helium data. The peaks of the light curves 0 (He+- 4s) =
represent points from the analog calculation. ’



The effective input current pulse and the 2.5-ns Gaussian depicted in Figure 14 were convoluted
by the calculator described above. The result is given in Figure 15, where part (a) shows the responses

of the RC circuits to the triangular input pulse and part (b) compares the calculated convolution with
the helium data.

lnl ]
/ \ | ] VAT
--====-- INENERNERE

(b)

Figure 14—Pulses used in the analog calculations: (a) triangular effective current pulse; (b) Gaussian of width 7 =2.5ns.
In both cases, the pulses have unit amplitude, and the horizontal units are 0.5 ns per major division.

(a) (b)

Figure 15—Results of analog-computer simulation for helium: (a) response of RC circuits to triangular effective
current pulse (top curve is sum of individual RC responses); (b) convolution of triangular effective current
pulse excited RC circuits with 2.5-ns-wide Gaussian (apparent poor fit at peak of curve is due to parallax),
where the dark solid curve is the P-15 phosphor data and the dotted curve is the helium data. In both cases, the
vertical units are relative amplitude, and the horizontal units are 1 ns per major division.
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6.5 Error Analysis

The accuracy of the results is difficult to ascertain. An indication of the order of magnitude
of the errors may be obtained by considering the values of the differences between the calculated and
the experimental values of the helium data points. Near the ordinate, the differences are about 500
counts (out of a total of 180 000). The worst part of the fit occurs a few nanoseconds later, where
differences of about 4000 (out of 120 000) occur. The helium data are compared with theory in
Figure 16, where the theoretical curve includes the convolution information from Figure 15 and the
magnitudes of the exponentials obtained from Appendix A.
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Figure 16—Helium data compared with results of analysis: The points are
the helium data (from Appendix A), and the solid curve is the theoretical
calculation, including the calculated convolution from time zero to
2.5 ns past peak, and the calculated exponentials thereafter.
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Table 2—Variation of results with Gaussian width T.

Cross-Section _' . ;/alue
Ratio T=20ns T'=25ns T=3.0ns
‘%((I:Iee:—ftls)—; 17 19 21
%‘“{g 0.81 0.85 0.88
%%%:‘::_:_g 0.73 0.78 0.79

The results of varying the values of T are listed in Table 2, where the entries have been adjusted
by the factors 'y].(B H/A J.St which correct for the bias introduced by the finite channel width (8¢ = 1/3
ns) of the MCA. Figure 17 illustrates the variation of the convolution correction factors with 7. It is
estimated that 2.5 <7 < 3.0 ns. Because of this uncertainty in T, the following errors in the cross-
section ratios may be expected:

He', 4
%:*_,Tps;: approximately +10 percent.

He", 4d
(_2_(_e+__): approximately *5 percent.
Q(He", 4s)

+
’ 4 1

Q(I—I_e+_f) : approximately +2 percent.
O(He", 4s)

Although the digital-computer program was relatively stable under reasonable perturbations of
the control parameters, the fast 4p component exhibited an uncertainty of about 10 percent, with the
other components varying about 5 percent. In addition, errors of about 5 percent should be expected
from the effects of system nonlinearities. One can then expect the cross-section ratios to be bounded
approximately by these errors, giving the final results

He", 4
g%]%)) = 19 (with an estimated 1o error of 30 percent) ,
== "7 = with an estima O error o ercent) ,
O(He", 45) ' ’
and
He*, 4
g——EHz v 4:;) = 0.78 (with an estimated 1o error of 10 percent) .

31



2.6 r—
24 |~
Kas
4p
22 -
o [ ]
(o] -
-
Q
<
w20+
2
)
= -
Q
w
&
& 18
Q
S - *
5
] 1.6 [~
o
>
g .
(] K«
1.4 |- —
,/.K‘td
1.2 - K4s
| /Kaf
NN WA N NN SN S NN NN NN N R
1.0 1.5 2.0 2.5 3.0 3.5 4.0

GAUSSIAN WIDTH T (ns)

Figure 17—Variation of convolution correction factors with Gaussian
width 7.

It is conceivable that the noise in the MCA data or an error in the magnitude obtained for Af might
have biased the calculated magnitude of the fast 4p component by as much as a factor of 2 or 3, but it
is believed on the basis of the stability mentioned above and on graphical analysis of the data that the

listed errors are reasonable estimates.

7.0 RESULTS AND CONCLUSIONS

The author’s results and various other experimental and theoretical values are listed in Table 3.
There is evidently poor agreement with the Born approximation calculations of Lee and Lin (1967) and
Dalgarno and McDowell (1956). However, with the exception of the Q(He* , 4p)/Q(He" , 4f) ratio, there
seems to be fair agreement with cross-section ratios obtained both theoretically {Ochkur approxima-
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Table 3—Comparison of results with other measurements and theoretical predictions.

Simultaneous Ionization Single-Electron Single-Electron
and Excitation of Excitation of
Excitation of Helium Helium Hydrogen
(200 eV) (200 eV) (240 eV)
| P . - R . - - oL
Ratio Measured | Theoretical Ratio Measured | Theoretical | Ratio | Theoretical
- 1 13.5° 4
Q(He™, 4p) 192 0.36b 04'p) 3 _ Q(4p) 14.6°
Q(He*, 4s) 0(41s) 224 Q(4s)
He*, 4 4d
QUHe™, 4d) | 5850 0.084% - _ - o4d) 0.95°
Q(He", 4s) Q(4s)
Q(He", 4f)
- 0.782 — — — — _ —
Q(Het, 4s)
He', 4 41 22.4° 4p)
Q(He™, 4p) | 5a 4.270 2¢p) 3448 | 29D 1 g5 4
Q(He*, 4d) Q(4'd) 184 Q(4d)
He*, 4 41
Q(He™, 4p) | » B Q0(4'p) B 50008 B B
Q(He", 4f) Q(4'f)
S RV DU S . . i J—
2Author’s measurement, €Vainshtein, 1965.
bAnderson et al., 1967. fDalgarno and McDowell, 1956.
€St. John et al., 1964. 8Qchkur and Bratsev, 1966.

d5. G, Showalter, private communication (preliminary data).

tion (Ochkur and Bratsev, 1965) and Born approximation (Vainshtein, 1965)] and experimentally*
(St. John et al., 1964) for single-electron excitation of helium and atomic hydrogen. There is some
evidence that the value of 5000 for the Q(41p)/Q(4f) ratio, obtained theoretically by using the Och-
kur approximation, is too large: Anderson, Hughes, and Norton (1969) measured the 41f cross section
in helium and obtained a value at 100 eV of 1.1 X 10729 cm?, which is approximately two orders of
magnitude larger than that (3.1 X 10722 ¢cm?) obtained theoretically by Ochkur and Bratsev (1965).

The results seem to indicate, therefore, that the simultaneous ionization and excitation process
in helium may be thought of primarily as a single-electron excitation process, the ionization of the
second electron playing a relatively minor role. This idea corresponds to the “sudden” approximation
(Lamb and Skinner, 1950; Mader et al., 1971), in which the second of two contributions to the cross

*J. G. Showalter, private communication (preliminary data).
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section is dominant. The first contribution is the ionization cross section times the squared overlap
integral between the excited state and the ground state. The other contribution involves the sudden
excitation of one atomic electron, followed by ionization of the remaining electron because of the
sudden change in the effective nuclear charge.

As is discussed in Section 3.4, the results of this measurement may be applied to the develop-

ment of an ultraviolet intensity standard. From Equations 6 to 8, one can derive the following expres-
sion for the steady-state (# = <o) ratio of the visible 46864 light flux to the ultraviolet 1215A light flux:

5 Que", 4p) 5 Q(He*, 4d) Q(He* , 4f)
4s-3p+ ————— Dy 3 -3d —Paao3p T Dy
bans 0T Q(He,4s) T W OHe*, 4s) P Q(He*,4s) "
$ay O(He", 4p) O(He*, 4d)
Bysap t N Byporst = Baa-ap
Q(He™, 4s) Q(He", 4s)

From the measured cross-section ratios from Table 2 and the branching ratios calculated from the data
tabulated in the literature (Wiese et al., 1966), the result is

b43
—— =0.64 (with an estimated 10 error of 5 percent).

4-2

Thus, even with measured values of the cross-section ratios uncertain to about 10 to 30 percent, the

intensity of the ultraviolet radiation is nevertheless known to within about 5 percent. This is a result
of the tendency for the errors to cancel in the above equation. By comparing the visible radiation at
4686A with that of a standard lamp, one can then effectively standardize the intensity of the 1215A

radiation for use in the calibration of ultraviolet sensors.

The above calculations neglected cascades, which under dc conditions can contribute large differ-
ences in the populations ».(z). By using the calculated cross sections and tabulated A coefficients and
values obtained for higher principle quantum numbers by scaling according to 3, the following adjust-
ments to the n; were calculated:

ny, =n,  + 40 percent,
n;p =ny, +1.5percent,
Nyq=n,, +45 percent,
and
nye =n,e + 71 percent.
By using n]f instead of n;, one obtains
¢4~—>3

——— =(.75 (within about 5 percent).
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LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST

SOUAFES RESULT
SQUARES RISULT
SQUARES RASULT
SQUATES FESULT
SQUARES PRSULT
SQUARES RPESULT
SOUARFS PESULT
SQUARES RESIULT
SQUAFFS RESULT
SQUARES RESULT
SNUARFS RFSULT
SOUARFS RESULT
SQAUARES RESULT
SQUARFS RESULT
SQUARES. RESULT
SQUARES RESULT
SQUARES RTSULT
SQUARES RESULT
SQUARES RESULT
SQUARFS RESULT
SQUARES RESULT
SQUARPSS RESULT
SQUARES RESULT
SOUARES RESULTY
SQUARKFS FZSULT
SQUARES RESULT
SQUARES RESULT
SQUARES RESULT
SQUARES BESULT
SQUAPES RESULT
SQUARES RESULT
SQUARFS RESULT
SQUARFS RESULT
SQUARFS RFSULT
SQUARES RESULT

-

.

1=

1

-

n

1=

1=

1=

=

-0.10135179E 00
~0e562077533E~01
-0.1013917<€ 00
~0.92789279-01
~04877397665-01
-0.82725644E~01
~0+78539739E~01
=0.75013538E-01
=0.71898699E~01
-0.6926S902E~01
-0471898699E~01
-0471507881E-01
-0+71307063E~01
~0.71095155E~01
=0470904179E~01
~0.7053792SE-01
~0.70804179F~01
-0.70789337E~01
~0.707745556-01
-0.70715427E~012
~0.707449591FE~01
-0,.70671022E-01
-0.70671022E-01
-0.70597053E-01
~0.70671022E-01
-0.70626676E-01
~047065624 0E~01
-0.706414536-01
-0.70671022E~01
~0.70641458E-01
=0.7062A576E~01
~0.70626676E+01
=0.70626676E-01
~0.70626676E=01
-0.70582271€E-01

COMPUTED LINE

8.523
8.500
Bed76
34452
8.420
2.40€¢
8,382
8.359
R, 33%
8.3212
A.288
84265
S.241
R.,218
Bel34
8.170
8.147
f.123
8100
B.076
8,053
8.029
B.006
7.982
74959
7935

XINTER=

XINTER=
XINTER=
XINTER=

XINTER=
XINTER=
XINYFR=
XINTER=
XINTER=
XINTFR=
X INTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTE
XINTFR=
XINTER=
XINTER=

- DATA YI(I)

10.32857
10.01310
10.32857
10.23154
10.16362
10.11392
10.07842
10,05428
10.03559
10.02517
10.03559
10.03393
10.03227
10.03227
10.03062
10.02943
10.03085
10,03085
10.03109
10.03038
10.03156
10.03014
1¢.03062
10.02920
10.03085
10.02967
10.03038
10.02014
10.03062
10,03038
10.03014
10.02991
10.02957
10.03014
10.02896

0.083
=0.206
~0.011
~0.104

0.063

04176
=~0,045

0,070

0.099
~0.076
~0.084
~0.017
~0.,093
~0.021

0.156
-0.275

0.075
~0.074

0.429
-=0.003
«0.070

0.098

—--0e040

0241
~0.102
-0e352

AOLD=
AOLD=
ADLD=
AQL D=
AQL D=
AOLD=
ADL D=
ADLD=
AOLD=
AL D=
AOLD=
ANLD=
ADL D=
AOLD=
AQLD=
ADLD=
AQLD=
ADLD=
ADL D=
AOLD=
ADL D=
AQL D=
AOL D=
AQLD=
AOL D=
AOLD=
ADLD=
AQL D=
AQL D=
AOLD=
AOLD=
AOLD=
AL D=
AOL D=
AQL D=

Ced1768164E
037591 348E
044175681 60E
0.,41350477E
0.409359€9E
0+40527558E
0.40122320F
0439721094E
0.39323883E
0432930641 F
0.39323R79E
0.29294555E
0¢39245270E
0439206023E
0439166816F
0+39127648E
0.39166813E
0+39162895E
0+39158977E
0.29155059E
0439151145
0+39147230F
0+29143316F
0.3313C0402F
0¢39143312E
0.39142922€
0.29142521E
0.39142141F
0+39141750E
0+3914V359E
0.3%140969E
0.392140578E
0.3G1480188F
04391397977
0«3913940CF

0s
oS
05
0S5
oS
05
05
os
oS
1]
05
(1]
oS5
08
05
0s
05
o5
0S5
05
os
os
0s
[+L]
0s
os
os
05
o5
05
05
oS
0S5
05
0s
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OF CURRKRENT ACTIVE FUNCTION

P

L
1
2
k]
&
5
]
>
LY
e

'l!I‘*’.**‘&*l***l*****li*%**ﬁl***Ii&*li‘i*&****ti**g

01234S£7F0012345578301234567850123456782012345678603123456789012345678001234567890123456789012345567890123456789.

RESULT FOP GIVEN TAU = 0,07062143 COMPUTED COEFFICIENT (INTERCEPT ExP( 10.02896)) = 22673.6838



INPUT TaAU= 022075051 START= z5 END= 5%

1) ©5155C, 2)  2E2T0T. 3) 73048, 4) 67184, §5) 6017, 6) 53816, 7) £3030. 8) a4731S.
9} 2o701, 10} 79557, i 343246, 12) 31526, 13) 1214, 14) 27087, 15) 24194, 16) 2376S.
17) 21295 18) 13) 197804 20) 179€S. £1) 16475, 22) 16417. 23) 14815. 24) 13346,
e5) 1133¢, 29) 27) 10130. 23) 10371.. 29) aEoe, 20) 9271, ) ZhE4. 32) 8161.
33) 6626 3) 7 25) 4964, 23) 7145, 3 €512, 38) 4709 19) 4115 a40) 5354,
«1) G183, £2) 3404, 41) 4045 £4) 36320, 45) 3243, 48) 2845, a7} 2626, 48) 2762,
49) 26732, $0) 234G, 51) 1814, 52) 1723 523) 2130. Se) 1868, 55) 1449. 56) 1150.
57) 1576, £a) 1102 55) 1078, €01 AEc, €1 1204,

PLOT OF CURRFENT ACTIVE FUNCTION
*

VONOUP S

il
o
f‘lilbll!{“i***.ﬁ&i'i.l’&!i'li!!lif'i}lli{i*iill**
o
W
("}

w

e 3

3 223
©1234567€501234567830123356783012345675390123456780012345678501234567890123456780012345678901234567890123456780 -

45



LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LFEAST
LEAST
LEAST
LEAST
LFAST
LEAST
LEAST
LEAST
LFAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LTAST
LEAST

SQUARFS RESULT
SQUARFS RESULT
SQUARFS FESULT
SQUARES FESULT
SQUARPFS RFSULT
SQUARES FESULT
SQUAFRFS FFSULT
SQUAFES FISULT
SQUAFRES RESULT
SQUARFS FFSULT
SQUARES PFSULT
SOUAREFS RPESULT
SOUARES RFSULT
SQUARFS PSSULT
SQUARF S ROSULT
SQUARFS PESULT
SOQUARFS RFSULT
SQUAFES FESULTY
SQUARFS RESULT
SQUAFPES FFSULT
SOUARES RFSULT
SQUARFS PFSULT
SQUARES RESULT
SQUAPES FESULT
SQUAFES RESULT
SQUARES FESULT
SOQUARES RFSILT
SQUARES RFSULT
SQUARFS FESULT
SOUAFFS FFESULT
SQUARES RESULT
SQUARFS RISULT

-

-

-
u

hou

i

-
0on

—0+20032489F
—0.23755630F
~0+20032489€
=04203229°0F
—0,20630370F
~0e20958155E
-0.21307200F%
-0.216R0527E
—0+220A1399F
-0.216803%7€
=-0e21716182E
=Ce2175942 7€
=-0,21798211E
-0.21838456F
-0.21878701F
-0.21F18947E
=0+219561 92E
-N,e22000903€
-0.22041281F
-0.,2208432¢€F
—0.22041RALE
—0.2204€274E
~0¢22049934E
=-0e22054321E
=0.220579R0E
=0+22062773F
—0.22066760E
~0.22070420F
-0.22074813E
=0.22079200€
=-0.,22074812E
=04 2207E546F

CCMPUTED LI

9.255
9,281
Ge208
S.136
9.061
8.587

B.840

00

NE

DATA

Y1)

Q.z€4
9.1€67
9.18€
G.173
©.102
¢,05€
&.85C
8.921 B
8,696
8,737
8,375
8,785
R.€8S
A,32E5
8.174
8.476
8.200
7.063
8.168
8.047
7.¢16
74768 -,
7.676
7.741
7.707

7«6586 — .....

Te234
7.173
7.4E1

Te2G2
6.965

11.00312
11.23552
11.00312
11.01845
11.03520
11.06381
11.07295
11.09631
11.12137
11.09€31
11.09877
11.10123
11.10369
11.10603
11.1C849
11.11118
11.11764
11.11€22
11.11879
11.12137
11.11879
11.11903
11.,11926
11.119489
11.,11985
11.12003
11.12043
11.12055
11.12090
11.12113
11.12090
11.12078

0,091
0114
0.062
=-0.039
-0.0462
=-0e069
0.063
- =0.082
0.070
~0.044
0.244
-0.239
—0.213
- 04073
0.151
~0+225
=0+022
0,141
=-0.138
-0.090
-0.036
0.042
0.061
-0.079
-0.118
—~-—=0,039
0.208
04195
~0.156
-0.071 -
0.183

ADL D=
AOLO=
AQLD=
ACLO=
ADOL D=
AQLD=
AQL D=
ApLD=
AQLD=
AOL D=
ACL D=
ACLD=
ADL D=
AOL.D=
AQLD=
AQLD=
AQLO=
ACLD=
AQL D=
ADLD=
AOLD=
ADLD=
AQLD=
AQL D=
AGL D=
AOL D=
AQLD=
ADI.D=
ADL D=
ADLD=
AQL D=
ADL D=

0.22673684E
0249410352
0.2267368B0F
0.22900398F
0e23329383FE
(o] 350656
N.23594242F
0.27A3I0164F
0.24068445F
0.23830160E
N.23853977€
Ne?3R778145E
0+23901580E
0e.22025566F
0235494 77E
Q73410E
0.23997367€
Ce.24021748F
0.24045358F
0.240A9287E
0.2460453S2E
0e?4087734E
0.25050117F
0.24052500E
0.24054983E
0+280572€6E
0.24059548E
0.2406K2031F€
0.240648414E
0.24066E02LF
0.24064410E
0.24064637E

0s
(33
0s
05
0s
s
os
ns
oS
(2
0s
05
05
05
0s
05
0s
0s
08
0s
0S
oS
0os
(1]

o<
05
0S
0s
05
0S5
0s



OF CURFENT ACTIVE FUNCTION

)

W
w
w

‘a

33

# R OR R R E R R R EREEHG R RN R KRR ERE NG KRR R R R AR ERERRE AR RN R
[

Ol12345678230123654783012345678901234567350)23456780012345678901234566785012345678C0123456738901234567890123456789

RESULT FOP GIVEN TAU = 0.220750%1 CNAMPUTED CNFFFICIFNT (INTERCEPT EXP( 11.12078)) = 67560.7500



INPUT TAU= Qe84247732 START= 8 END= 18
1) 2260R. 2) 13576, 3} 14005, 4) 31706, - 5) AST77e 63 5814, kgl 437a, 8) 3169,
) 113€. 10) 3sG6e,. 11) 876. 12) 388, 12) 2223. 14) 103.

-
DO NIN Py P

*i*l*l’***i*.il’*l*l’l‘*{**I‘***i‘*‘l’*l’*I’***I’I‘l{l‘l**i&“*g

012345€785012345673901234567820123455678501234567850123456736012345673901234567R3012345678Q012345678001234567389

0OF CUFPRENT ACTIVE FUNCTINN

LEAST SQUARES RESULT = -0+11951199E 01 XINTERP= 10.892€5 AOLD= 0.675607E0E 0S5
LEAST SQUAFES FTSULT =~ =0.38E55960E 00 XINTER= Se76054 ADLD= 0.60804676E 05
-~ - LEAST SQUARES RESULT - -0.119650073€ 01 XINTER= 10.89233 AOLND= 0Q0+67S60688E 05
LEAST SQUARES RFSULT - ~0+81293979E 00 XINTER= 10.01647 AOLD= 0.6€885063E 0S
LEAST SQUARES RFSULT - =0+67102456E 00 XINTER= Qe77533 AOLD= 0.66216188E 05
LEAST SOQUARFS RSSULT - -0.5€8933014E 00 XINTER= C.68026 ADLD= 04655520008 05
LFEAST SQUARES PESULT - =0.534994245 00 XINTFR= S 64277 AL D= 0.648984857E 0S
LEAST SQUARFS RESULT - ~0.49581772E 00 XINTER= 9.62434 AOLD= 0.64249473E 05
LEAST SQUARES PCSULT - ~0+46605968E 00 XINTER= Ge62115 AOLD= 0.63606%77E 05
LEAST SQUARES RESULT - =-0.44252455E 00 XINTER= C.65676 ADLD= 0.6297090&E 05
LEAST SQUARFS EFSULT = -0,423496%08 00 XINTER= 967793 AOLD= 062341195F 05
LEAST SQUARES RESULT = ~0+442524355E 00 XINTER= Q.ES676 AQLD= 0.62970902E 05
LEAST SQUARES RISULT - ~0+£40483G2F 00 XINTER= Fe 65891 AOLD= 0.€E2907330€E 0S5
LEASY SQUARES RESULT =~ -0.44252455E 00 XINTER= Q.65676 AOLD= 0.529708SAF 05
LEAST SQUARFS EESULT = ~0.,44234520F 00 XINTER= G«65712 ADLD= 0.562964602E 05
LEAST SOQUARES RESULT - -0.84255823E€ 00 XINTER= Q.65694 AOLD= 0.629709¢5F 05
LEAST SQUARES RPESULT - =0+442E53582E 00 XINTER= Q65694 AOLD= 0+%52970266E 05
LEAST SQUARES RESULT = ~0+44251335€E 00 XINTER= 9.6£694 ADLD= 0+62969627E 05
LEAST SQUARFS RESWT = ~0e44250214E 00 XINTER= Se65712 AOLD= 0.,62969008E 0S5
LEAST SQUARES RESULT = SLOPE co XINTER= Ce 65654 AOLD= 0.62968379E 0S5

~0e44246852E



°

D P W e

21

v
[ TRV IS TRV Iy I N

o
KON N K @ ¥ B B o B E X B R E X KR K GE R XN K F X £ R R KK EE R KR KKK O X F K ERKKERA

(YL VIV S ST

Wl o4
N

[N
[

w
)

o

3J

I3
>

»
»

F CURPKENT -ACT IVF, FUNCTIMN

10
I= 11
= 12
= 13
1 14

COMPUTREN LINE

2,E2%
R.,a77
Re.330
A.182
8,033
7.387
7.740

- DATA ¥{I)

a,fRS
P.212
Re6%4
Q.,021
74797
8324
7.533

=0.060
0.265

. =0.364

0.151
0.239
=0.437
0e207

01236CE678C012345A78901234567850123456739012345678C0123466789012346678901234567R9012345678901234567890123456789

RESULY FGP GIVTN Tau

0e 24287782

COMPUTED COEFFICIENT (INTERCEPT EXP(

S A5694))

15629.9063

49



INPUT TAU=

1

pLOT

DANDU S N

50

I-*l‘l'}l*l***I“*lIﬁﬁ!}i’l*l’il****&******k}wi********'

) 1157C.

OF _CURFENT ACTIVE FUNCTION

01274876012 ILTHA7RA0IDPI4S6TRI012345673901234567RCOIZ2348678001234567800123456789012345678901234567890123456789 -

2y

SNUARES
SQUARES
SQUARES
SOUALFS
SHIARES
SAUARES
SQUARFS
SOUARES
SQUARFS
SQUAFES
SAUAFES
SQUARES
SOUARSS
SQUARFS
SQUAFRES
SQUARES
SOUARFES
SGQUARFS
SQUARFES
SQUAFES

1.24271€3€

oI55,

cESULT
EESULT

S3ULT
RESULT
RESULT
PESULT
PESULT
ESSULT
PESULT
eESuULT
SESULT
RESULT
RESULT
RESULT
RFSULT
RESULT
RESULT
RPESULT
FESULT
RESULT

START=

SLIPE=
SLNOE =
SLOPE=
SLOPT =
SLOPE=
5L0PT=
SLOPE=
SLNPE=
SLOPE=
SLOPS=
SLOPE=
SLORE=
SLOPF=
SLNPE =
SLOPE=
SLOPT =
SLNPE=
SLAaPF=x
SLOPE=
SLOPF =

1 END =

%)

-0.811463926F
-0.R8218737F
-0+,10002444F
=-0.12287714F
=0e201196567E
-0.123R764R8E
-0.12785711E
=-0.,12387648E
~0.1242555KAF
~0+12464161F
=0.12502E90F
=-0.12464151F
—-0.12462004E
~0.12471714E
~0e1247SE24F
-0.12&792724¢
~-0.12483387
-0.,12487030E
=0.12490%40F
~0.12487164E

4

S3€0.

00
0Q
o1
o1
o1
o1
o1
o1
o1
o1
o1
01
01
01
ot
01
o1
o1
o1
o1

XINTER=
XEINTER=
XINTFR=
XINTER=
XINTER=
XINTER=
XINTER=
XINTERP=
XINTER=
XINTEP=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=

&)

1516,

S+36519
Se22260
Q9.02388
S.791412
BeAS078
Ee.79141
£ .7€E050
8,7914]
B.78834
E.78%30
A,7R221
8.78530
B.78499
8.784689
878438
8.7R407
R. 78377
B.78345
B.78315
8478345

-7)

ADLD=
AOLD=
AOLD=
ANLD=
ADLD=
ADLD=
AOLD=
AOLD=
ADLOD=
ADLO=
AOL D=
ADLD=
AOLD=
AOLD=
AOL D=
AOLD=
AGL D=
ADL D=
AOLD=
AQLD=

876 8)

0+15629906E
0.17192R87E
0+18612164E
0.20803267E
0.22883691E
0.20803363E
0.,21011379€
0.20803350¢
0.20824148E
0,20R34961E
0.,208657923%
0.208448957€
0+20047023E
0.20R49090€E
0.2085115€E
0+20853223E
0.20855289E
02.20837355€
0.,20859422€
0.20857352€E

346,

os
0S
0s
0S
05
os
0s
05
[+1-1
05
0s
1]
0sS
05
05
0os
oS
05
oS
05



CCMPUTED LINE — DATA Y(TI)

1= 1 8.7872 B.7E8 c.028
1= 2 2,367 B.4P6 =-0.11R
1= 3 7951 7799 0.152
1 L 7+E535 T+59€ -0.062

PLOT OF CURRENT ACTIVE FUNCTION
*

VNP P WY

H G % R N R R R R R E RN KRG R EE KRN EE R R EE R R ENR KRR KRN ER RN

11
12
13
14
1 5-1
16
17
13
19
20
2t
22
232
24
25
26
27
28
za
30
31
32
33
34

36
37
3a
39 -
a0
a1

a3
as
a5
46
a7
48
49
50
. 0!25‘567990123‘55’8301?3456789012345678001234567599}234567800123#5678901234567890P23A5675901234567890123655789

RESULT FDR GIVEN TAU = 1.24871635 COMPUTED CNEFFICIENT (INTERCEPT E}P( B8.78345)) = 6525.3€628

FINAL CURVFE Y = SUM OVER I OF A{I)*EXP(TAU(I)) WHERE

A{ 1) = 41768B.16406250 TAUCL 1) = 0.02488690
Al 2) = 22673.6B8366375 TAUL 2) = 0.07062143
A{ F) = 67560.75500000 TAU{ 3) = 0.22075081
- - Al &).= 15526,90625000 TAUL &) = 0eb8247782
A{ S) = 6525,38281250 TAUL 5) = 1.24871635

51
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INLEX

F IR I (R VYR TN S IR SURE IR VSN I (VI I SO CO TR O YO
DDNDAE GRS L DN H N0

e

boe
LI 3

L N
0D N

Ut
>}

1

L
Wt

COMBUTED

P177157.38
166128419
13750381
1436256
143277400
1372894,06
171864.84
12 284,67
122408450
11373041°
1144£10.64
11083S.19
1075353,.31
1044631456
10301700
GRL1419
LT 56
22031 e50
3R, 58
29520, 33
A7R73.49
86032,06
8£303.00
B2ET2.94
A1126e25
TGEDLeLT
72273413
7AG55,1 7
7ET707e56
74510692
73375.,94
7o293.21

67558,63
£5727,08
55023425
6510445
bas214047
43700.683
A3073.45

0030342
56025435

37zA1.72
5573707
56325435
BEHuARG, 02
e e
54C92406
53457564 35
S3140.92
53733.02
S3539,46
5285032
S2571.565
3270054
31337443
3148[«70
5117318
[0731e40
S0456.50
3012789
4CB05.4%
4Q43P e384
4317%.,15%
48P 72,21
ABS72.39
48273.25
4733351
47703.61
47423.40

ORIGINAL

175632.00
16€575.00
157084.00
1457239.00
1615R7,00
134921.00
126266400
124135,00
11R508,.00
117565, 00
111594.00
108074,00
107047400
102222.00
$8660.00
a7564 .00
9443A,0C
a1812,00
S1544 .00
80203.00
87101400
8€440,00
82245,00
82192400
79611.,00
78060.00
77282,00
76576400
75761.00
74800,00
72681400
72665 ,00
70437.00
70273,00
£7680.00
69680.,00
63574.00
66305,.00
55252.00
6604000
64434400
£32207.00
63417,00
£2578,00
61773.00
£0963.00
60339.00
60075.00
59592, 00
58381.00
57965400
57497,00
57534,00
66907.00
56128400
55474,00
55551400
54733.00
54369, 00
53826,00
$3831.00
52291,00
51237,00
§2364,00
50959,00
52174,00
50801.00
50962,00
249875,00
49184.,00
4G780,00
49006,00
48526,00
49055.,00
48819,00
48270.00
48308,00
47758,00
46500,00
4R289,00

DIFFERFNCE

£24,19
£46421
-&39.°P1
-1€3.54
~1250.00
—2453,056
-256R.42
-2742,€0
-3A53,.50
-702.19
-2812.€8
~2781.16
-£04.81
-2246.56
-2€57,.00
-1377.19
~1699.5¢
-2272.50
-2as5.88
-€15.81
-772.69
400.948
-€2.06
—480.56
-1£15.25
-1601.49
-C51.12
2038

CH Ll
PcH,06
-6GCH 4 CA
372419
-623.81
$9.25
-1326%,50
1254469
1015.38
-222,0€
-£76e25
B7C .55
2.53
-£02.68
353.55
216.74
51429
-1640.50
-1€6.42
148.65
227.78
$9.91
-328.02
-283.19

- .- 252+2%--
109.93
-127.35
-352.02
132.56
—245.06
- -187.35
~314,82
$5.98
-1047.46
-1713.82
-T07.€6
~1241.64
A36.57
-€80.70
-171.18
~916.45
-1312.50
-347.89
=-7Ca,45
-862.94
-112,16
-57,91
-202.9¢
29.75
-230.51
~B03,61
€€S5.60




IMPFX

3}

B2
53
a4

85

a7
aa
83
L]
el
s3
ca
o5
G5
= d
ca
es
Y00
101t
107
101

1233

COMPUTED

47147,73
A607B.2068
H5608,29
LETIASLET
ABNHUT AT

A4h14420C

“«3700e81
4%473,54
4326104
43047.07
A2335,317
43¢ZCe NS
42417,69
42215436
42014,
41316441
ALRZ0.64
41323438
41232587
1047,17
40340,90
a057E,74
wDLGhL e 3]
£031%. 30
A01217,4a37
135£2.59
G730, 34
TG413.18
R2344G.04
79221450
3I3116.71

18632.5€6
3R474,87
33212.00
3A164.89
2R012.32
37R61.RG
37712.97
7555465
17420.00
d7Z275.6R8

IRT15.56
16570, 26
Inaba bl
3%311.08
3617217
1ECARL 46
35513,55
8731.932
15665.45
33540442
I5416.70
35294436
15173.18
750537
34932,732
14817426
34701.21
34595426
26472,50
34359,81
342484646
34133.17
24029.00
33¢20.95
IIA1349R
3370P410

O8ISINAL

45£70.,00
4£933.00
45280400
45133.00
4£178.00
45431.00
45362400
445631.00
£5336.00
£5939,00
42934400
46595.00
43584.00
432386400
427382400
44531.00
43497.00
42£10.00
47852.00
428368.00
41312.00
40766.90
41844.00
41567.00
41358400
40716400
41594490
40384400
403540.00
79397, 00
3¢696,00
30479.00
3¢116.00
40134400
40367400
40265400
39761,00
3Q754 .00
38652.00
38677400
38802400
7R029.00
38678.00
3683/.00
38358.00
37845,00
17867400
37710400
37710400
316551400
38125.0C
37764400
36423.00
36951.00
37628.00
3I7262.00
371R9.00
37461.00
36606400
3660400
36476,00
36999.00
354941400
IR65€ .00
35532.00
3561%.00
35860400
15499.00
35845.00
357a7.00
24373.00
34696 .00
35132.00
5876400
35081.00
34930.00
34273.00
34569.00
24637.00
36297.00

CIFFERENCE

~477,73
£6.54
=137G .45
~148.67
c0.11
~¢02.08
~214.02
~702.732
2a7.¢6
1138.11
-1630.20
208.14
~£66.R0
~37.05
~S18.21
1051445
?35.16
-227,07
564R7
241.95
~601.69
~14€1 .59
-170.51
~Z254 441
~262.0a
-710.04
38A,13
~£PZ 417
~3I20.80
~770.74
~7C6.G1
-£326430
-1021,.R7
172,848
§75.66
787.82
311.96
274,10
-064,71
-276.86
c9,03
-€12.56
203.13
-1283.00
101,11
~167.52
el
-2.93
144 .35
~46%.,00
1C69.02
€70.46
-E6Q.68
Q7 A&
c12,.4a
€e2,.76
748,56
1185.02
4z6.483
411,34
£50.4S
1207.17
175.5¢
115.58
1115.30
223,70
€06 82
485,67
610.27
o€c. .54
171.7%
107.74
€59,50
151€.09
a32.54
€S1.83
244,00
€ap,.0€
823,02
£88.50

53



54

INDEX

15t
162
163

CHI=SOUAPE=

COMOUTED

33607630
2349C.54
33964 A3

23396.828173

ORIGINAL

36511,00
34061,00
34023.00

DIFFERENCE

©07w70
F£€1.456
€2€.17

ABSOLUTE DIFFERENCE=

0.01224



Appendix B
Time-Shifted Analysis of the Helium Data
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N= 252 FIRST= 43 LAST=216 BACKGROUND= 22000.000 CHANNEL WIDTH= 0433330

1) 237511, 2) 220635, 3) 210161, 4) 1870867, 5) 183403 &) 176682, 7) 166975, 8) 157084,

3) 1468796, 10) 141337, 11) 134831, 12) 129266, 12) 12418€. 14) 118509, 15) 117546, 16) 111598.
17) 108072, 13) 167043, 19) 10223z. 20) ©S86E0. Z21) G7SF&4e 22) 94438, 23) 91818, 24) 91644,
25) £Q20€. 26) 87101. 27) 85440, z8) R4245, £9) 87192. 20) 79611, 31) 78060 32) 77282.
33) 76376 34y 75761, 335) 74809, 3s) 72681, 37) T26€E6. 38) 70637, 39) 70373, 40) 67980,
41) 696280, 43) ~A574, 43) E5305. 44) 65252, 4c) €EE€E040. 4¢) 64424, 47) €3207. 43) 63417,
49) 62578, 50) 61773, 51) 60963, 52) £0339. £3) 6G07E. ca) 59593. 55) £E88E1. 563 57965
57 E7497. 58y 57534, © 5¢) $6307. 60) S61z8. 61) S5E874, &2) 58551, 63) 547323, 64) S4369,
A5) £3826€. €5) S53331. 67) 52298« 68) S1237. 65) EP364. 70) 50959, 71) 52174. 72) S0801.
73) £0962. 74) «caze, 75) 49144, 7e) LOTRO. 771 4C006. 78) 48626, 79) 420€EG. 80) 48819
31) 48270, R2) £3308. A3) 47758 /a) 45G00. RE) A4B2BG, £6) 45670, 87) 66933, a8) 45280,
93) 45198, <o) Ye178. 1) 454 3%, 921 Agieg, €2} 466321 Q4) 45339, Qs5) 45389, ©6) 42984,
87} 4845AS,. c3) «3584, 99) 43R86. 1003 L2T7R2e 101) 44531 102) 43497, 103) 426104 104) 42892,
105) L2FPRP, 106) 41818, 107) 40764, 102) 4184, 109) 41562 110) 41358, 111 40716, 112) 41594,
113) 403564 114) 40540, 113) 39897, 11€) 395699, 117) 39E 7S, 118) 39116, 119) 40136, 129) A403€5.
121) 40356 122) 30761, 123 29756, 124) 38552, 1285) 28677. 126) 3sg92, 127) 33020. 128) 38678.
129) 26836, 129) 38333, 131) 3784S. 132) 37R67. 133} 37710. 134} 37710. 133) 369€1. 136) 38325
137) 27764, 133) 26423, 139) 36951, 140) 27628, 141) 27262. 142} 37189, 1430 27461, 144) 36606.
145) 36460« 144) 3647G, ‘147) 36999, 148) 35341, 145) 35656, 1S50) 36532, 151) 35618, 152) 35860.
153} 3549¢. 154 52485, 155) 35787 154) 34973, 157) 3s8¢96, 158) 35132, 159) 25876 160) 35081.
161) 34730, 1£2) 2427, 163) 3456%. 164) 24637, 165) 34297, 166) 34511, 167) 34061, 168) 33023,

PLOT OF CURRINT ACTIVE FUNCTION
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W W
Pwun
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W
o

D W e e o mm e el = . - e e - -
46 *x

a7
48
49
50

01234685012 346678501 23456 76501234567 8501 234567850 12346678501-23456 78501 2345678001 2345678901 234567890123456789

L 2 2
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INPUT TAU= 0,02433650 START=110 END=163

1) 215514~ 2) 198535, 3) 188161, 4) 175067 ) 161403, 6) 154682, 7) 14497S. 8) 135084,
3) 12779%. 10) 11337, 11) 112831, 12) 107256 13) 102186. 14) 96509, 1S) qSS46,. 16) 89598,
17) B6074. 18) F£50a9, 18) 80232, 20) 75660. 21) 75564, 22) 72438, 23) 69818, 24) 69644,
258) 67205« ?6) £5101. 27) 64440, 28) 622465. 29) 60192, 30) 657611, 31) 55060. 32) 55282,
31) 54676, 34) 53761, 35) 52809, 36) S0681. 37) 50666 38) A8637. 39) 48273, 40) 45980,
41) &7€80. a2) 4L65TR. 43) 844305, 48) 43252 45) 8L040. 45) 42424, A7) 41207, 48) a3417.
a9) aos7e. S0} 39773 51) 38963, 52) 38339. S$3) 38075 S4) 37593, 55) 36881. 56) 35965,
57) 35497, £3) 35534, 59) 324907, 60) 3a412R. 61) 33474. 62) 33553, 63) 32733, 648) 32369.
£5) 21826, 66) 31331, A7) 302%1. 68) 29237, 65) 30364, 70) 28959, 7t} 30174, 72) 28801,
73) 29962, 74) Z7875. 75) 27144, 76) 27780 77) 27006, 78) 26626, 79) 27066, 80) 26819,
A1) 26270. 82) Z6308. 83) 25758. 84) 24900, 88) 26289. 86) 24670. 87) 24933, ag) 23280.
33) 24198, $0) 24178, 21) 2343t. 92) 23368, o2) 22631, Ga) 23339, 95) 23989, 96) 20984,
97} 226RS5. QRY 21584, 98) 218R6., 100) 20782, 101} »2531. 102) 21497, 103) 20610, 108) 20892,
105) 20868. 10&) 13%18. 107) 18764. 108) 19844, 109) 195€2. 110) 19358, 111) 18716, 112) 19594,
113) 18364 114) 18540, 115) 17897. 118) 17699, 117) 17679. 118) 17116, 119) 18136, 120) 18365.
121) 19266. 122) 17761« 123) 17756+ 124) 16652. 1285) 16677« 126) 16992, 1327) 16020, 128) 16678,
123) 148326. 130) 16358. 131) 15845, 132) 15867, 133) 15710, 134) 15710, 135) 149S51.- 136) 16325,
137) 15764, 131) 14423, 139) 14951, 140} 15628, 141) 15262. 142) 15189. 143) 15461, 144) 14606,
145) 14460« 146) 1447%, 147) 14099, 14R) 13841, 149) 13656« 150) 14532. 151) 13618, 152) 13860,
153) 13499, 154) 1334%. 185)  13787. ts4) 12473, 157) 12604, 158)  13132. 159) 13876. 160} 13081.
161) 12830, 162) 12273. 163) 1256%. 164) 12537, 165) 12297 166) 12511. 167) 12061. 168) 12023,

o

VO PN P WR =
a

.
o
E R R W R FE KK KR D KR E G EEE X KRN KRREDO R REE RN

OF CURFENT ACTIVE FUNCTINON

11
11
111
11
11
1111
111
11111

2 11113

P

111111
1111111
111111111
111111118
1111111 1 1
11 1113111111111 1
1 1111181121 1 1
1 111 11111 11
1

W0 N
OCO®NIAP IV

31

8
!

a1
a2
a3
aa
as
ae
47
asg
49
50
e 1P3456780012345678901 2345678001 2345678001 2345678501 23456780012346676001234567890123456789012345678903234567809 -

AR EBR R R RS
i
i
i
\
.
I
)
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LEAST
LEAST
LEAST
LEAST

- LEAST

LFAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LFAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST

SQUARES
SQUAPES
SQUARES
SOQUAFFS
SQUARES
SQUARES
SQUARFS
SOUARPES
SQUARFES
SQUARE S
SQUARFS
SOUAFFS
SQUARFS
SQUARFS
SQUARE S
SQUARFS
SOUARES
SQUARPFES
SQUARFS
SQUAPES
SQUARFS
SQUAFFS
SQUAFF S
SQUARES
SQUAFES
SQUARFS
SQUARFS
SQUAFRES

RESULT
RESULT
EESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
FESULT
RESULY
RFSULT
RESULT
RESULT
RESULT
RESULT
SESULT
RESULT
AFSULT
RESULT
RESULT
RESULT
RESULT
RESULT

1=
1=

.
It 0wy

ey
®owonn

—

1=
1=

I=

1=
1=
1=

wwow oy

-
Ll

-
i

SLOPE=
SLOPE=
SLOPE=

110
111
112
113
114
118
115
117
118
110
120
121
122
123
124
125
124
127
122
128
120
121
172

137
138
139
140
1a1
142
143
104
145
146
147
148
149
150
151
152
153
154
155
156
157
1=8
159
160
161
162
163

-0+22529482E~01
-0+ 2€755239E-01
=-0e22929482E-01
—0.23285370==01
~023603130E-01
~0,4.23933601E-01
=-0+24314910E-01
~0,247322S2E-01
~0.25128372€~-01
-0.247243232E-01
=0+2847724845~-01
=0+26823323E~-01
-0.24348744E-01
=0,24394587E=01
=0 .2484B7534E=01
~0,24874145E-01
-0, 24861655E-01
«0.2488R743E-0}
=0,24848744F-01
=0.26874)1A56E-01
=0« P4RTLIAEF=01
~0.243REATHE=-O1
=0.,248741 66E=01
~0,24861455F=01
~0.248BA876E=-01
=-0e2429122G8E~01
-0.248865788~01
-0.24896547E-01

XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTERP=
XINTER=
XINTE R=
XINTFR=
XINTER=
XINTER=
XINTFP=
XINTFF=
XINTE k=
XINTER=
XINTFP=
XINTER=
XINTER=
XINTER=
XINTEP=
XINTER=
XINTER=
XINTER=
XINTFP=
XINTER=
XIMTERP=
XINTER=
XINTER=

CCMPUTED LINE = DATA Y(1)

%.78s
Q777
Ce769
Se760
Qe752
G744
9.736
Qe727
G.719
9.711
Se702
9.604
Q.586
.77
CeHEC
Q661
G653
S.Cha
Q+636
Se. 628
9.619
9.€11
F.603
9.594
9.586
Q.57R
¢«570
G561
9.553
9545
©.536
Q.528
9.520
9.511
9.503
Q. 4985
S.487
9.478
9.470
9.862
©,453
QDedAG
9.437
S.428
Qe420
9.412
Q.4048
94398
S.387
9.379
%370
9. 362
Q9,354

L e 8,345 _ _

5.8C6
9.770
9.819
6,750
©.760
9.722
©.710
©.709
0,674
9.736
S.750
2.750
9.718
9,714
C.E4S
9.646
9.6€0
- 54603
0.646
9.615
9.62%
s,501
€.592
9.582
©.582
9.528
9.623
9.588
S.480
.528
9.576
9.550
9,845
9.564
9.£02
. 9.491
9,493
9.531
9.4484
9,429
9,407
9.426..
S.a445
9.816
.444
9.439
94364
9.348 .
5,386
0,446
G.381
©.360
9,311

P33T - -

10.68321 AOLD=
1070121 ADLD=
10.68321 AQLD=
10.68504 ADL.D=
10.68483 AQL D=
10.68483 AOL D=
10.68646 AOLD=
10.68531 AOLD=
10+69073 AOLD=
10.€8931 AQLD=
1C. 68951 ADLD=
10.69032 ADLD=
10.68971
10.68992
10.68972
10469053
10.68971
10.68910
10.68910
10.68571
10.68992
1C.69012
10.68971
10.68890
10.68931 ADLD=
10.69032 ACLD=
10.68931 AOQLO=
10.68992 AOLD=

=0.,021
0,007
-0.,050
0.011
-0.008
04022
0025
0.018
0.045
~0.026
=0.,047
~0+056
~0.028
~0.,036
0.025
0.015
-0.007
0.042
=0.010
0+.108
~0.006
0.020
0.,010
0.013
0,008
0.050
=0.054
—0.024
0.064

- 0,017

-0.040
—-0.022
=0.,025
-0:053
0.001
- - -De003
=-0.006
~-0.053
0.026
0.0323
~0.043
-~ - -0e0319.- ..
-0,008
f.012
=-0.024
-0.027
0.040
-——0.047 ... . .. _
0.001
-0.068
-0.011
C.002
0+043
00008

0.22000000E
0.24199984F
0,21999996E
0.22219977E
0.22442160E
0.22666563F
0.22893211F
023122125%€
0.23353328€
0.23122121E
0.23145230E
0.23168359E
0.23191512F
0.23214688€E
0 #2391 S08E
0.23103805€
0.23196102€
0.23198398€
0.23200699E
0+23203000E
0.23205301E
0,23207502€
04232099026
0.23212203¢
0.23214504€
0423216B805F
0.23214500E
023214719

o5
0s
05
0s
0S5
0s
0os
0%
05
oS
0s
os
as
05
os
05
0s
05
[+1]
0s
0S5
0s
oS
oS
0s
0s
0S
oS



PLOT OF CUPRENT ACTIVE FUNCTION

™
-
-
-
-
-
-
-
P
1.
™
-
-
-
-

1111
11111
11111
111111
1111111
1111111
111131211
11111111 .
11111111111 1
111111111 11 1
11111 1111111 11
1 111

N
>
LN R R R R R R EE R I I N N I IR I I I NN RS S SR ey

Ol?34567990135A56753012?45678901234567“901234567850123466780012!4567890123456730012345678001234567590123456789

RESULT FOR GIVFN TAU = 0. 02488690 COMPUTED COEFFICIFNT (INTFRCEPT EXP( 10.68592)) = 43910.8867
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INPUT TaAU=

1)

N
17)
28)
3
41)
45)
37)
53)
73)
a1)
a9)

*

D@D - P

LK 3 B B BE B B N NE N ) ? LR R R N I E R R E R ™ LR 3N 3K BN 3 BB N 33

n

170385,
B5LQ3,
46806,
30006,
20087,
14952,
9874,
€687,
4788,
3582,
24461,
1821,

22
22

i
’ 1'
1 i

]
!

0407062143

21
10)
13)
?6)
34)
&2)
50)
58)
65)
74)
52)
°0)

152872,
78020,
45659,
28198,
19150,
14198,
9313,
6952,
50048,
2694,
2h6E
1976,

3
1)
19}
27)
3s)
43)
51)
59)
67)
75)

“83)
s1)

OT OF CURRENT ACTIVE FUNCTION

START=

143758,
71201
41197,
278332.
18474,
12097,
874S.
6551,
3677,
2161,
2301.
1402.

70

4)
12)
20)
28)
36)
aa)
32)
€0)
&8)
76)
84)
22)

END= 98

131021,
65970
37937.
25930.
16520
11700,

B360.
599F,
2833,
2902,
1627.
1511,

5)
13)
21)
29)
37)
a%s)
53)
61)
69)
77
8s)
¢3)

117710,
631221,
37151.
24167,
16876
12342,
8334,
£S€4a.
L1668,
2614,
3198,
48,

‘2

6) 111340,

14)
22)
30}
38)
46)
S4)
62)
70)
78)
86)
94)

55872,
34332,
21874,
15116,
10977,
8087,
5862,
2970.
2227.
1760.
1822,

7
15)
23)
311}
39)
47)
55)
63)
71)
79)
87)
°5)

101581,
55235
32017,
20603,
15119,
10010,
T€09.
5263,
4389,
2859,
2202
2639,

8)
186)
24)
32)
40)
A8)
561
64)
72)
80)
8s}

92436,
49610,
32145,
20113,
12991,
10468,
6925,
5115,
3219.
2802,
727

- - 012345676301 2345678501 2345678901 23456739012 34567800 123456728001 234567890123456789012345678901234567800123456789
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LEAST
LZAST
LEAST
LEAST
LEAST
LEAST
LEAST
LZAST
LEAST
LSAST
CzasT
LEAST
LEAST
LEAST
LEAST
LEAST
LIAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LZAST

SQUARF S
SQUAPRES
SQUARFS
SQUARES
SQUARES
SQUARES
SQUARES
SQUARES
SOUARFES
SQUARES
SQUAFFES
SQUARES
SQUARFS
SQUARES
SOUARES
SQUAFRFS
SQUARES
SQUARTS
SQUARES
SQUARES
SQUARE S
SQUAFES
SQUARES
SQUARFS
SQUARES

RESULT
PESULT
RESULT
FESULT
RESULT
RESULT
RESULT
RFESULT
RESULT
RESULT
RESULT
RPESULT
RESULT
FESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT

I
1
I
1
1
1
1
1
t
1
1
1
1
1

-

(LI I T 1}

oo

SLOPE=

~0+10816223E 00
=-0462234711E=01
=-0«10410410E 00
=0+95777S12E-01
=0.89136146E-01
=0.R3857119E=01
~0e79390623E-01
=0.75634062E~01
~0es72409928E~01
-0+ 65644272€-01
=0+ 72409928E~01
=0072147734E-01
-0471933134E~01
-0.71552157E-01
-0.71226776E-01
=~0+¢710344SG1E-01
«0.70723951E~01
—-0,7039856GE-01
~0+707232951E-01
-0e706469381E-01
=0+706365200E-01
=0.706352005=01
=0.70605576E-01
-0.706352005-01
=0s70505575E-01

CCMPUTED LINE

3.510
B.4a7
Red53
Re&40
R.816
A.393
9.359
Re3a6
8,322
8.29¢
2,278
A.251
8,228
Be204
A.181
A.157
84134
a.110
3.087
8.063
84040
2.016
7.903
7.969
74946
7.022

XINTER=
XINTFR=
X INTER=
XINTER=
XINTER=
XINTER=
XINTFFR=
XINTER=
XINTER=
XINTER=
XINTFR=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTFR=
XINTER=
XINTFR=
XINTER=
XINTEF=

~ DATA Y{(1)

£8.426
84695
8.674
a.cas
a.252
8.218
B.615
8.274
a,222
8,376
£,360
R.268
8.721
R.225
8,072
8.4136
B.0ER
8.186
7,681
8.066
84110
7.917
7.652
7.725
8,049
8.278

10.5283
10.10379
10.52713
10,40290
10.31511
10.25145
10.20435
10.17052
10.14568
10.12911
10.14568
10.14426
10.14213
10414047
10.13739%
10.13787
1013527
10.13243
10.,13527
10.13408
10.13456
10.13486
10.13432
10.13456
10.13408

0.084
-0.,208
=-0.011
~0.108

0.064

0e.178
-0.046

0.072

0.100
=0+077
=0.,085
~040317
=0.094
-0.021

0.152
=-0.278

0.076
=0.075

0.436
-0s003
=0.07%

0099

0.041

O.244
-0.103
~0e356

D+43910R87E
0+39519797E
0.43910383E
04434717 73E
0.43037055¢€
0+42606684€E
0.42180613F
Oe41758805€
D.41341215E
0.40927801E
O.41341211F
0.41299R67E
0.41258566E
0+41217305F
0+41176086E
0.,41134910F
0.41093773€
0441052680F
0+41093770E
0.41089660€
0.4108S551E
0+21081441F
0.431077332F
0.4108143BE
0.41081027E

05
os
os
05
0s
0s
0s
0os
0s
0s
oS
0s
s
0os
05
0s
oS
oS
os
as
0s
05
0os
os
0s
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PLOT OF CURRENT ACTIVE FUNCTION
-

WO DD NDAP W

b s e e s e g b b
GO NPV D
******&i'l‘&l>I***‘l‘*‘%****“*'**l*.i*‘*i*l‘**iK&**il’**
n
I
n

[N
- O

(LI VT VY
WNORPE W

A W N
N =0 D

Q123456785012 3456758380123456785012345677350123456780012745A4782012345678901234567A3012345678901234567890123456789

RESULT FOR GIVEN TAU = 0e 07062143 COMPUTED COEFFICIENT (INTERCEPT ExP( 10.13408)) = 2518B6.9648
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0

DO NI P W=

AU IO b e e a e e b e e
= O DBNIPAPL SN O

WV N
[o Y B W

27

INPUT TAU=

1) 148028,

9)
17)
25)
33)
avy
49)
57)
65)

n

%R N R R R R R R RS R E R E R R R R RE R SRR R R ERE R R RN ARG RN RN R R RS

OF

ET7277.
31601,
1R008.
1033&.
7160
2637
1724,
[-1-3-3%

CURFENT ACTIVE FUNCTION

0.22075051

2) 1322078,

10}
18)
256}
34
a2)
&0)
s3)
66)

650269,
3275,
1651€.
971G
652¢€ .
3240,
213%.
1202,

1)
18)
27)
33)
43)
S1)
59)

START= 30 END= 60
122513, 4) 110313,
3301, 12) a9111.
27126, 20) 24250.
16456, 23) 14852,
9295, 36 7686
A722. as) 4127,
2850. 52) 2631,
1869, £0) 1489,
3
333
33
23
33 33
3 3
3
333
2 23

£}
13
21)
29)
37)
£5)
531
€1)

07524«
4e703,
23818,
13381.
B1B2.
&3€S.
2766
1150.

2 32 3

-3}
14)
22)

20) -

328)
46)
5a)
62)

G166Se.
39865,
21346.
11372,
6656
4193,
2677,
1576

kd ]
15)
23)
31
33)
a47)
58)
€3)

32804 .
39531,
19363,
10384,
6887,
3413,
2352,
TYO02.

8)
16)
24)
32)
a40)
ag)
s6)
64)

7374S.
34414.
19826.
10159
4981,
4053,
1817,
1077,

OI?SQ5&7E?01234567890{23456789012345678001234567é90lE34567890123&567890{23456789012365678901234567690123456789
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LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
LEAST
L.EAST
LEAST
LEAST
LFAST
LEAST
LEAST
LEAST
LEAST
LEAST

SQUARES
SQUAFES
SQUARES
SQUARES
SQUARES
SQUARES
SQUARES
SQUARES
SQUARFS
SQUARES
SQUARPES
SOUARES
SQUARES
SQUARES
SQUARES
SQUARES
SQUARES
SQUARFS

RESULT
RESULT
RESULT
RESIH.T
RESULT
RESULT
RESULT
RESULT
FESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
RESULT
PESULT
RESULT

-t
W w ok nou

Wonoyon

- ? et et e ted bt bt bt bd e
nwonno

konn

SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPF=
sLOPE=
SLAPE=
SLNPF=
SLNPE =
SLOPF=
SLOPF=
SLOPE=
SLOPE=
SLOPE=
SLNPE=

[*RTRYEN
P wn e o

=0.2005561 0E
—Ce237E4573E
=~0+2005561 DE
=-0.20341718E
—0.20644655F
—=0.209€69825€E
=-0+213212010E
=0.21€72343E
=0.22073758E
~0422497632E
=0.,22073756F
=0.72115460€E
~Ce22073758E
=0.22077417F
=-0422073758E
~0.22073758F
~0.,220744Q1E
=-0.22075981F

COMPUTED LI

G, 359
2.2R5
F.212
9.138
Ve 065
84091
Be217
8.844
8.770
B.637
B8.623
R.550
8.476
B+402
Ae 329
B.258
RelRA2
8.108
8.034
7+961
7.8R7
7.814
7740
Te667
7593
7519
T7.48E
- 7.372
7.299
74225
7.152

oo
00
oo
oo
o¢
00
00
00
oo
00
00
00
oo
oo
00
00
oo
00

NE

XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTEP=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTFR=
XINTER=
XINYER=

DATA Y(I)

S.268
Se171
9.150
9177
Ge106
G.0E0
8,855
8.225
8.701
Be741
£.381
g.788
F.6R0
84330
A.178
84879
8,204
7.968
€.172
8,051
74923
Te?72
7680
7.745
7710
7585
7238
7177
7+4S4
74265
6,360

11.34248
11.63225
11.24248
11.36227
11.38381
11.40770
11.43322
11,46155
11.,49258
11.5266¢S
11.49268
11.49586
11.49258
11.46281

11.,49246 .

11.49288
11.49258
11.49270

0,091
O.114
0.062
-0.038
-0.041
—-0.068
0.063
-0.,081
0.070
=-0.044
0.242
-0.239
-0.213
0.073
04150
s w0224
=-0.022
04140
-~0.+137
-0.,090
-0.036
0.082
0.060
~0.078
=0.117
~0.039
0207
-- O+165
-0+155
~0.070
0.183

AOL D=
AOLOD=
AOL D=
AQL D=
AOLD=
AQLD=
AOLD=
AOLD=
AOLD=
AQLD=
AOLD=
AQL D=
ADL D=
AOLD=
AOLD=
AOL D=
AOLD=
AQLD=

0.25186965E
0.27705645F
0.25188961E
0.25438809E
Ne25693176E
0.25950086E
0.2€6209566€
0.26471641E
042673633 €E
0.27003680F
0.26736332E
0426762951E
0.26736328E
0.26738977E
0e26736324E
0.26736578F
0+26736832E
0+26737086E

0s
oS
0s
0s
0s
0s
05
[+3-]
oS
[
05
0s
0S
05
05
oS
05
0S5




PLNT OF CUSRENT ACTIVE FUNCTION

23333

(7]

3

oK % R % X R X E F XX R K OB N E X R K R E R EE R EEREREXEEREEE R R EREERE N AN
w

ClZ3LEETR 012208673

01£345£7890123454720012345A78C012345678C0]17385678901234567RC012345673901234567820123456789

RESULT FOM GIVEN Tay = 0.22075051 COMPUTED COUEFFICTENT (INTERCEPT ExP( 11449270)) = 97997.4375
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PLOT OF CURRENT ACTIVE FUNCTION

DDINONS N -

LA AR AR R 20 I S 2N 2R I S R I E 10 IE IR R S R R R R ) LR 0 2K B BN IR B KON N NN N A 2
»

-66

INPUT TAU= 0.46247782

1) wRrasy, 2) zasie,

9) 1159, 10) 8474,
2182,

17) L 341, 18)

* .

48

LEAST SQUAPES
LEAST SQUARES
LEAST SQUARES
LEAST SQUARES
LEAST SOUARES
LEAST SQUARES
LEAST SQUARFS
LEAST SQUARES
LEAST SOQUARES
LEAST SQUARFES
LEAST SQUARES
LEAST SQUARES
LEAST SQUARES
LEAST SQUARES
LEAST- SQUARES
LEAST SQUARES
LEAST SQUARES
LEAST SQUARES
LEAST SQUARES
LEAST SQUARES
- LEAST -SQUARFS

LEAST SQUARES

LEAST SQUARES

LEAST SQUARES

PESULT -
RESULT -
RESULT -
RESULT -
RESULT =
PFSULT -
RESULT =
RPESULT -
RESULT -
RFSULT -
RESULT -
PESULT -
RESULT -
RESULT -
RESWLT ---
RESULT =~
RESULT =
RESULY -
PESULT =
RESULT -
RESULT = -
RESULT =
RESULT -
RESULT -

START=

36446, )
5721 12)

13 END=

67.

SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLNPE=
SLOPE=
SLOPE

SLOPE=
SLOPE
SLOPF=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=

~0.13208811E
=04 3885662 0E
~0413307913E
«~0486018743E
-0.£68278545€
05957484 8F
—0.538B83755F
~0.49818347E
—0+46750825F
=0+44341415E
-0.42398417E
~0+44343662E
-0+84130635E
=04 44342542E
=0.44324601F
=0.44298816E
~0+44277513€
=0.44257331E
=0e44236028E
—0.44256210E
=0=442550%0E
~0.44250602E
=0+444251722E
~0.44247240E

XINTER=
XINTER=
XINTER=
XINTFR=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=
XINTE
XINTER=
XINTER=
XINTER=
XINTER=
XINTER=

- XINTER=

XINTER=
XINTER=
XINTER=

23100
209k,

&) 22453,
14) 1069.

12.45645
10.37905
13.,45609
11.45986
10.92170
10.67037
10.53404
10.45582
10.41080
10.38604
10,37492
10.38622
10.38443
10.38622
1038622
10.38586
10.38586
10.38%68
10.38533
10.38568
--1038550 -
10438550
10.38550
10438550

7) 18435, 8)

15)

ADLD=
AOLD=
ADL D=
AOLD=
ADLD=
ACLND=
AOLD=
AOLD=
AQL D=
AOLD=
AQLD=
ADLD=
AOLD=
AOLD=
AQLD=
ADL O=
AOLD=
AQOLD=
AOL D=
AOLD=
AOQLO=
AOLD=
AOLD=
ADLD=

3540. 16)

0979974 38E
0+88197/8RE
0.97997375€
0+97017375E
0.9€047188E
0.95086688%
0.94135R13€
0.93194428F
0.,92262438E
0+91339R813E
09084263 75F
0.9133975S0E
04912482 75E
0+31339588E
0.91330500F
0.91321313E
0,91212125E
09130293AE
0.91293750E
0.91302875€F
091301938
0+91301000€
0.91300063€
0.91299125E

13879,
823,

-0123‘567899l2365678°012345678901234567890123456789012345678901234567890123A567B°012345678901234557890!23456789

¢33
05
05
0S
0S
05
05
05
05
0s
0S5
[22-
0s
0S
oS
05
05
0%
05
0s
[
1]
05
05




PLOT 0OF CURFENT ACTIVE FUNCTION

*

{*l-'l'#b'.{*{fi’l‘.!l.*il**.}**!i****ill*}*.ﬁi*ﬂll’li

12
14
15
16
17
13
19

CCMPUTED LINE ~ DATA v(I)

B.615
8.469
8.321
B.173
- 8.026
7.87%2
7.731

2,677
2.201
A.688
8.021
7.785
B.3219
7.522

~0.061
0.268
=~0e367
0.152

~ - D241
—-0e+440
0.209

012345678001 2345678501 234567890123456730012346672850123456780012345678590123456789012345676890123456728901.23456780

RESULTY FOR GIVEN TAU

0.44247782

CDMDUT&D COEFFICIENT (INTERCEPT Exp(.. 10.38550))
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)

WNONP N~

*I’.‘l*&.*‘*ii.l.*li’*kli“**ill}***l’*!‘*ki{l’ﬁ*’*l"*l‘a

22

WL WU 0G0 Y Y
PON"ODDNIOD W

b

25

68

INPUT TAU= 142437153S
1) 22793, 2) 17705, 3)
o) 535c. 10) 3340, 11)

OF CURRENT ACTIVE FUNCTION

Aok

START= 6 END= @
13114, 4) 14843, ) 10137, 6) - 11597, 73
1520. 12) 879 13 348,

9376

-8} -6346,

NI2FHEECTES0DIE245678S0+2 245678501 2345678001 2345A789012345678901234567890123456785012345678901234567890123456789

LEAST SQUARES RESULT -
LEAST SQUAPES RESULT
LEAST SQUARES-RESULT .=
LEAST SQUARPES RFSULT
LEAST SOUARES FESULT
LEAST SQUARES RESULT
LEAST SQUARES RESULT
LEAST SQUARES RESULT
LEAST SQUARES RESULT - .
LEAST SQUARES RESULT
LEAST SQUARES RESULT
LEAST SQUARES RESULT
LEAST SQUARFS RFSULT
LEAST SOQUARPES RESULT
LEAST-SQUARES FRESULT o= .- -
LEAST SQUARES RESWULT
LEAST SQUARES RESULT
LEAST SQUARES RESULT
LEAST SQUARES RESULT

SLOPE=
SLOPE=

SLOPE= =059798769E 0O

SLOPE=
SLOPE=
SLIOPE=
SLOPE=

-0.81184024E 0O
-0.88172793E 00

-0.12296276E 01
~0.1954784 05E 01
~012296276E 01
~0.12678680E 01
=0.12296276E 01
~0+12332535E-01
—-0.12269900E 01
~0.12407265E 01
~0.12444520E 01
-0e12484179E 01}
-0.12521544€E 01

~0.12486382E 01
=0.12490778E 01
—-0.12486382€ 01

~0.12487A78E 0} — .-

XINTER= 10.72040 AQLD= 0432386750E 05 .- ..
XINTER= 10.69623 ACLD= 0+35625406E 0S
CXINTER=-—— — 10+70853- - - AOLD=_— 0.39187926E 05—
10.85149 AOLD= 0.433106695E 0S
-~ 1172476 AOLD= 0.,47417340E 0S5 .. -
10.85149 AOLD= 0.43106691E 0S5
10.88490 AOLD= . 0.43537727E 05 —
10.85149 ADLD= 0.43106688E 0S
- XINTER= . 1085445 . AOLD= _0.43149720E 0S5...
XINTER= 10.85776 ADLD= 0.,4319289SE 05
XINTER= - - 10.B6095 --AQLD= 0.43236063E 0S5
XINTER= 10.86402 AOLD= 0.,43279273E 05
XINTER= . -10. 86754 ADLD= 0,43322527E 05 .. _ .
XINTER= 10.87094 ADLD= 0.43365824E 0S
=0+12484]1 79E O) — —XINTER= . 10.86754 _ AQLD=_ 0.43322523E 0S5
XINTER= 10.B6765 ADLD= 0.,43326816E 0S5
XINTER= — - - 1086809 - - AOLD= - 0.,43331113€ 05_ _
XINTER= 10.86765 AOLD= 0.43326813F€ 05
XINTER= — — 1086798 -_ AOLD= .0.43327223E 0S. .




PLOT OF CURPENT ACTIVE FUNCTION

*
*

*
t

@NOD PN

- -

EE R B 3R 3K I 2L K 3 2 3
i

!
|

...
@
R TS

- 33 %  —-
34
35
36
37
38

a0
a1
a2
43
a8
a5
a6

an
49
50

reGREEt R RE R E R NG *

,
™
N
R R R R RN
|
|
]
!
;
i
|

O 2N

CCMPUTED LINE — DATA Y1)

8.787
8.371
7955
-7538

8.758
8.489
7.8023

7.5%9

0.029
~-0e.118
0.151
~0.061

— - Q123567012 245676901E 245678901 2345678901 23456768001224567890123456789012345678¢012345678901234567890123456789

RESULT FOR GIVEN TAU

1.24871638

FINAL CURVE ¥ = SUM OVER 1 OF- A(TI)%*EXP(TAU(I)) WHERE

AC-1)

AL 2)

Al 2)

-AL24)

-Al S)

43510.88671875
25186.56484375
97997.43750000
32386.75000000

52469.01562500

TAUL

TAU(

TAU

-TAU(

TAUl

1) =

?) =

3) =

) =

COMPUTFD COEFFICIENT (INTERCEPT ExpP{

0.0248&690
D.070£2142
0.220750851
O .AL247782

1.24071635
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70 -

INCEX

Ve N RPN

W\loil.JxP'JN"'DDJ.‘q\"uID.AN

(LR ORI R IO R W URLA SRR RTINS

|
| BB
W oo

a4

COMPUTED

273¢51.00
243745.94
220743413
202750419
13325775
176352,.31
166357.91
157720.06
1501685.05
143498,00
137502475
122080.75
127102.63
122619.38
118459,0€

116617413

111038.81
107754.2%
1046R0.00
101812491
9G134e£3
PEL2RL.6¢C
94280.21
G2C76.50
G0005.38
43056, 31
A521Ge931
Reeg7.13
82850425
Q1302.04
7982£.06
7844K.172
77126e87R
75273.06
746 R0, 38
7235444328
724£&1.19
71427.322
T04ZD.44
HV8Ghae 23
£35£80.44
6772206
6£6829.51
£50350e04
55322.05
64582.52
£3870.21
€31R3.,47
£2520.80
6190772
51262.13
506A2.61
60NAL L2
59522,58
53C78,01
BRLLD, 35
57936« 30
57427.49
56252438
564620.28
5602054
5ES572.33
55115, 74
54709.52
542G63.68
53£87.44
53490.49
57102329
52722479
52351432
—-51927.64
516714456
51232473
S0940.32
50604.84
5027%.72
4555277
43635.76
49324,46
49018.69

ORIGINAL DIFFERENCE
237511.00 ~3£440,00
220635.00 -23111,04
210161400 -10882.12
157067,00 -5683.16
183403.00 -4RG4,75
176£82.00 280,69
166975.00 617.16
157084.00 -686,06
140799.00 -387,06
141987.00 -1511.00
132£831.00 -2€71.78
12926%,00 ~2814,75
124185.00 - =2956,.63 P,
118502400 -4110.88
117546.00 -913,06
111598.00 -3099.19
108074.00 -2984,81
107083.00 -705.81
102232.00 - -2848,00- - .

98660400 -2152,.81

97564, 00 ~1570463

94438,00 -2150.69

91818.00 -2462,31

91644.00 -432,50

89205.00 .. .=800.38 R

87101.00 -655,31

86440400 z20.19

84285,00 -242.13

82192400 -658,25

76611.00 -1691.06

78060.00 ~1776.06 e

77282.00 -1164,13

76976400 -150.88

75761400 ~112,06

74809.00 128.63

72681400 -863,38

72666400 - . 204,81 [

70637.00 -790,.31

70373400 —€6.48

67980400 -1514,38

- - 56680300 - --- -~ -}0SO56--

68574.00 851,96

66305.00 ~584 ,81

65252400 -83268,44

66080400 717.9%

68426 .00 -158,53

6320700 - 6653023 - oo e — el

63417.00 233,532

62578400 §7.20

€1773.00 -107.79

60963400 ~299.13

650329,00 -324,.61

— 60075400 - - - - .—- =532 .

59592.00 70,42

58881.00 -$7.01

57965.00 =484 .55

57497.00 -436,30

57534.00 96,51

- 56307400~ - - -- mABLIB . .

56128400 -352.28

55474.00 s -546.54

55551400 -21.53

— 54733.00 -402,74 .-
54369400 -340,62
. 53826400 - — - -—— 856768 ..

53831.00 -56.48

52291.00 -1199.49 I

51237400 -1865.39

52364.00 -358,79

50959.00 -1392.32

. 52176.00—  — — —.. 186,360 . . .

50801.00 -830.46

50962400 -220.,43 . -

49875.00 -1065,32

49184.00 ~1460.84 -

49780.00 -495,72

e - 89006400 —— 46 77— — -

48626400 -1009.76

49066400 . =258.46 - R

48819.00 -199,.69




INCEX

L WEN

;U

BRSNS

-k e e ik hE e e e

- e e
W W g W
oAb div= O 0w N

-
|

COMPUTED

GR7 14425
L4AL224G5
48132,66
47367, 1
47565272
A47200.20

48516452
“sdTHS,32
44n3R .61
439314,02

4177,

40637.50
40750, 3¢
LOCRT, TR
ARG LT 447
19737.54
30557,73
I92%3.37
waz sr.08
s~07n.30
JO07T.G 2
a7a7.71
33% 39, 31
F3432.72
3277,30
A12a,34
317377,43
T7TH47°7,972
37675.954
37220,51
A73324,77
373143
37100.07
I955040%
2542153
35£24,56
2R/543,06
3%415.00
202,70
35151. 20
76021.41
15293.00
35765.0912
35640.23
35515.94
35372.75
35970.G6
15130.44
35031 .16
34013413
34796431
4€20.70
18546429
224%3,08
34340,55

ORIGINAL

48270.00
4R202,00
47753400
85300400
482R%,00
4657040C
45937,00
45230400
ae199,00
2£172.00
45431400
45748,00
442631.00
45333,00
4568%9,00
42984,00
445R5.00
43584.00
43855,00
42782,00
44571.00
42407,00
42A30.00
428G62,00
42863400
212313,00
40764400
41£82,00
41542400
41723,00
60716400
41596 .00
€0354,00
40540.00
16227,00
79629,00
IC£73.00
1¢116,00
40134.00
40763,00
80364,00
23761.00
29756400
38652,00
3P677.00
38892.0C
28020.00
38673400
3E823,.00
3A354,00
3738%,00
37R567.00
37710.00
27710.00
T6C51,00
383225.,00
27766400
364212400
36051400
2762R8.00
I7262.00
37199.00
217461.00
36606.00
356460, 00
36472.00
26999, 00
35341400
35€55,00
36532.00
35618.0C
35860400
15459.00
35845.00
15787.00
314873.00
34694400
35132400
25875.00
315081.00

DIFFERENCE

—4ag,25
~114,55
~374,66
=CAT 21
T22.87
~€20.20
~AS,36
-1¢70.80
-z89,18
-50400
~541,.55
-352.62
-842.00
110420
1001.07
-1766.59
£8.38
-701.92
-17z.a1
-1052.02
c1e, 71
102.66
-F€2,60
~%u 32
111.66
~771,49

-1%71,.11
~299,7¢€

-PCR.16
-LeS,11
-C03.34
-cl1pP.82
-758450
-1143,2¢
E2+65
45S.57
62R,88
192.27
356412
~591.98
-3c3.00
=192
-727.71
BR.EQ
-180%£.72
90410
—F79.P4
-106.49
-113.832
34.16
~£78.51
Q40e23
5224327
-677.07
-2,0%
B0E .45
57788
£3C .08
1042.,00
3z3.61
308.80
457.56
1106.,00
T5.07
15.77
101€.16
22%.25
589,04
343.56
813,34
872.97
76.60
13,30
SEEL7Y
1022.96
7640.0S
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72

INDEX

1<t
165>
142
1€a
165
1€5
167
1£a

CHI-SQUARE=

CAMBUTED

24230,00
3412042 R
32013.4R
IITS01, 27
3I27C7,. 18
ITET1.791
33537.52
334R8,1°

23458,1E£359

ORIGINAL

34830.00
34273,00
3£562.00
384627.00
34297.00
34511,.00
340€61.00
34C23.00

DIFF+QENCE

€00.00
18z,82
S57.52
733.132
L3 ,64
215.09
473,48
“3R,82

AdSOLUTE DIFFEREMCE=

0.01423




Appendix C

Analysis of the P-15 Phosphor Data
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LAST=170 BACKGROUNN= 33126.000 CHANNEL WIDTH= 0433330

N=  25c FIR5T= &3

2) 92274, 3 52525 4) 73094, 5) €63&67, 6) 61320, 7) S57<50. A) 55079,
10) Sz800. i1) F£1370. 12) S0179. 13) 4943%. 14) 43427, 15) 47701. 1o0) 47468,
19) 4c300. 1%) 67377. 20) a6Rr1Aa. z1) 46775 2z) 45831. 23) 48172 24) 4602a.
zH) L4364, 27) 44857, 28) 45002, 29) 45637, 30) 45016 31) 45040. 3z) 44580,
3a) acl0Rz, 33) 44330. 35) &3917. I7) 43€T1e. 3a) 43739, A9) 43612, 40) 43396,
&2) «3053. &%) 43074, &%) 43128, «S) 43607, 46) 43050, 47) 42996, 48) 42471.,
£0) 62257, 51) 424732 32) 42851, 53) 41749, 84) 41G88, 63) 42730, £5) 42€39.
S3) 41957 $a)  a2123, 60) 41514 ©1) 41574, 62) 41175, 63) 42145, 64) 41670,
€~) A1346, &7) 41250, 68) 40902, 69) 4a1325q, 70) 41551 71) 41476, 72) 4141S.

74y L1193, 75) “1344. 75) &41699. 77) 41381, 78) 40905. 79) 40455, 80) 41097,
Ee) L0427, 23) 41717, 24) " 41120, &8s 4105%,. BE) 40747, A7) 41184, ea) 431088,
©0) 41036, 31 “1E352. 92) 41470, €2) 41078, Q4) 40935, 295) 41060. G5) 40734,

37) “0z73. ca) 40213 ¢a) 40136 100) 404Zz0. 101) 401¢0. 102) 40237, 103) 39836, 104) 40SSE.
105) 40626, 105} «035%, 107) 4046z, 108) 40542,

ALNT OF CURPENT ACTIVE FUNCTINN

NP e

[V =TT T TR Y

[PRrIy

*
*
*
*
*
*

EE T Y]
Kok ododeoke ok i ke ko kR ok Rk kKR Kk
24 ok ek kR Rk kR kK ko Rk ke ko kR Rk kR kKR Rk Rk kK kR Rk kR kR ke k ko kR kK Kk

o g e b

W
M= O 0 LN

S VRN

>
~
LA S S N R I R I I IR 2R S S S T S T Y

01234SETEF01274%n73°01234547€30123456572901238567R89012345675901234567890123456769012345678901234567890123456789
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INPUT TAU=

1)

17)
23)
3
1)
&)
57)
“z

73)
41)
al)
7)

105)

PLAT NF CURFENT ACTIVE

1

o

e e e
s

[ SV VI ST

-
3

[ IR VA VR RFIVRN VERY)
A D w D N>

i

®

R Y R E R EEEEEE NI I N A B N NN A I I K TR R N N R R A

Tl 36 Ce
3060z,
1420%.
1284¢%,
1100,
10S46.

1
1
1
111

1

0.0i140220

2)
1n)
12)
Zn)
z4)
a2y
o)
s-4)
£o)

11

39150,
19674,
13,74,
11736
107358,
2372
G131.
23331,
2313,

1111111 11

1

FUNCTION

START= 60

2) 9399,
11) 18244,
19} 14251
27) 11721.
25) 11204,
43) 9ca B
51) Q347
£3) /GCO7,.
€7) 3124,
73) 821a.
83} H586.
S 8726
99) 7008.
107) 7336

111111111

)
12)
20)
z8)
36)
a4y
52)
&0)
©8)
74)
23)
92)

100)

108)

END=103

399¢&3.
17053,
13c 32
11870,

1111311111z2111

S)
13)
21)
2¢)
7T
49)
53}
61)
[3=3]
77
as)
<3)

101)

32221,
16309,
12649,
12311,
10545,
104R1.
8623
BR448.
82332,
GBEE e
732G
79EC.
706864,

1111111111111 11
11 1 111 13 11 1

1

6)
14)
z22)
30)
28)
a6)
Sa)
€2)
70)
78)
26)
94}

102)

1

1

28134,
15301,
12705
11890
106513,
9924 .
8862,
8049,
B8S2S.
777G
7621,
7803,
7131,

11

11

7
15)
23
31)
33)
47)
S5)
63}
71)
79)
37)
9S)

103)

1

1111111 11111

26124,
14575
13047,
11914,
10776,
9870
9604,
9023,
9353,
7329.
8038,
7934,
6710

1

8)
16)
24)
32)
40)
48)
56)
X% )
72)
80)
88)
$6)
104)

21953
14338,
12898,
114354,
10270

9345,

9513,

8544 -

8293.
7971 .
79€9.
7608,
7422,

1 1
1111111 1112

012343678%0123456753%012345673501234567R901234567A901234567850122456789012345€709012345678901234567390123456789
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LEAST SQUARES RESULTY - SLOPE= —=0411402823E-01 XINTER= 929048 AOLD= 0433126000 05
- LEAST SQUARES RESULT - SLOPE= —0.79786964€E-02 X INTER= 9,54638 ABLD= 0.29813398E 0S
LEAST SQUARES RESULT - SLOPE= =0.11402823E-01 XINTER= Se29044 AOLD= 0.33125996E 0S5
L EAS T SQUARES FESULETF — SLOPE= -0.,109330755-01 XINTER= — - - 9431858 AQLD= 032704734E 06
LEAST SQUARES RESULT = SLOPE= =0.11402823E~01 XINTER= 929044 AODLD= 0433125992 0S5
- LEAST SQUARES RESULT - SLOPE= -0,11352453E-01 X ENTER= Se29318 AOQLD= 0+33092863E 05
LEAST SQUARES RESULT = SLOPE= =0411402823E-01 XINTER= Ge29044 ADLD= 0433125988 05
LEAST SQUARES RESULTY - SLOPE= —~0+11i358140E-01 XINTER= Se29074 AOLD= 0+33122676E 05
LEAST SQUARES RESULT - SLOPE= ~0.11402823E-01 XINTER= 929044 AOLD= 0433125984E 05
— £EAST SQUARES RESWLT — - T-SLOPE® —0w 11402823801 - KINFER® —~---— 5429054 - =  O+33125652E-06- -
LEAST SQUARFS RESULT - SLOPE= =0.11385255E-01 XINTER= © 29005 AOLD= 0.33125320E 0S5
CCMPUTED LINE = DATA Y(I)
— - - = €0 - -Gy 066-—- - — - 54081 - - — - =0+015 - —— —_
= 61 9.062 G.042 0.021
- i= 62 9. 055 8993 0«065
= 63 9+055 $.108 =0.053
I= 64 - 9+ 051 G053 -0.002
= a5 9.047 9.033 04015
——— - — -im- &6 - - Se O43— - - Ss088 - — =004} —-—- — -
= 67 9040 9.003 0,037
i= €8 S 036 82959 0077 -
= 69 9,032 9.016 0,016
i= 70 9028 9+081 -0.023 -
= 71 9.024 9.,030 =0.006
— - - = = 72 - - G021 —=- - %623 - —-=0¢003 — —- _
= 73 9.017 G052 ~0.036
- = T4 9«013 8596 0«017 - -
= 75 9. 009 S.014 ~0+005
b i= 76 9« 005 Ss056 -0s051
I= 77 9.002 9.089 -0.087
- -i= 5 B8s 338 &+959 - -— 039 —- —- - - - - = =
I= 79 8.994 8.900 0.094
- I= 80 B8e990 - €984 G007 -
I= 81 8.986 Be938 0.048
- i= 82 8.983 8899 6084 —
I= 83 B4979 G.058 -0.079
= % A —— B8Ot - -
1= 8s 84971 Be978 -0.007
- I= 86 8.967 B84+939 0.029 - —
I= 87 8964 84992 ~0.028
- 1= B8 83960 82982 =0.022 -
I= 89 8.956 9000 =0.044
= 50 85558 & 57E O+ 024 - -—
I= g1 84949 G«074 ~0e126
— - i= 92 83945 - 9029 —0+085
I= S3 8941 8.981 ~0.040
B I= o4 8:s937 963 —02026 -
I= 95 8.933 8979 -0.046
i= $6 8+ 930 8937 GEailins
I= 97 8.926 8.876 04050
— - = 58 8a922 8866 0+4056
I= Q9 8.918 84855 0063
- 1= 100 8.914 8895 Cs019
I= 101 8.911 84863 0.048
M © - B86907 - 84869 M 0037 A
8903 8.811 0,092
— 8,899 8e.914 =0+014 -
B8.895 84896 =0.001
— - —_— 8.892 8.+.887 0.004
8.888 8.901 «0es013
8+884 2-0912 0027
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PLBT OF CURRENT ACTIVE FUNCTION -

'

1111181 1%
1 111111111
.- ERSE SRR L2 2% TN - -— - - - = - -
1111111111111 11 1 1 1 11 1 1
11 1 111 11 1t 1 1% 1811111 11111 1 1
P I 11111311 1112

n
]
LI E R R R R R RN A EE N E NN ENEEEEE R RN R N

012345€7690123455785012345678901234567890123456785012345678%01234567890123456789012345678901234567890123456789

RESULY FOR GIVEN TAU = 001140280 COMPUTED COEFFICIENT (INTERCEPT EXP( 9.29005)) = 10329.7109 - -
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INPUT TAU= 0415331965 - STARY= 20 END= 35 - - - - - -

1) 61140, 2) a8362. 3) 38652. 4) 29262. 5) 22558. 6) 17569. 7) 14239. 8) 11408,

—— 9} - -998%. - 10} 9208w ——-11} - 7819« -- 12) — 66867, -~ 13} - 5963« 14) — 4994 —-15) H43J07. -16) 4109 —
17) 201E,. 18) 3523, 19) 4138. 20) 3617, 21) 3613, 22) 2707 23) 3087 24) 297S.
25) 2664, £6) 1831 . 2 1921, 23) 2103+ - 29) 2575« - 30} 2191+ - 31) 2252. 32) 1829.

33) 1811. 24) 140S. 3s) 1688, 36) 1311, 37) 1101, 38) 1208, 39) 1413, 40) 933.
41) 1244, 42) 706, 43) 717 4“4 ) 862+ 45) 1320, 46) - TIFe A7) —778. 48) 2884
43) €47 50) 142, 51) 392. 52) S504.

PLOT OF CURRENT ACTIVE FUNCTION - —_—— - -
1 %
2 W . . - . -
3 x

|
!

|
Nt
LR 2 S

O m = e O 0 G U S -

a7 % 22 2
—AS——————— 2 .
A9 * .22 2 2
—S50—4——————— : 22 . .
01234567890123456789012345678901234567890123456789012345676901234567890123456789012345678901234567890123456789

M .
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LEAST SQUARES RESULT - SLOPE= =0.15332007E 00 XINTER= 909941 AOLD= 0.10829711F 0S5

+LEAST--SQUARES RESULT - - -StLOPE= —0513140269E—00 XINTER= - - 908917 AQLD= 0e97467383E 04
LEAST SQUARES RESULT - SLOPE= ~0.15S330714€E 00 XINTER= 9.09930 AOLD= 0.10829707E 0S5
= RES—RES 393E 00— - — - HENFER® - — —— 0411036 - . —ADLD=—0+10933008E 06— - -

LEAST SQUARES RESULY - SLOPE= =0.15900815E QO XINTER= 2+10902 ACLDO= 0.109281S6E 05

—EEAST-SQUARES RESULT - - SLOPE= —0415836829E00- -KINTER= . 910799 ACLD=  0e.10917227E .05
LEAST SQUARES RESULT - SLOPE= =0.15771544E 00 XINTER= 9.10685 AOLD= 0.10906309E 05
LEAST SQUARES RESULT - - SLOPE= ~0.,15706903E-00 XINTER= -9¢10561 AQLD= 0.10895402E 0S5
LEAST SQUARES RESWLT = SLOPE= —-0,15641624E 00 XINTER= 910437 AOLD= 0010884504 05

S EEAST-SAUARES RESWT —————S+OPEs —0+ 1 5580863600-- ——XINFERE—-- — S+10344--- -AQLD= -0v10873617E 06— - -

LEAST SQUARES RESUWT = SLOPEx= -0.1551816SE 00 XINTER= 9«10240 AOLD= 0410862742 0%

- LEAST -SQUARES RESULT — - - SLOGPE® =0,1545481 78 00 XINFER= S.10127 ADLD= O0.108518B79€ 05
LEAST SQUARES RESW.T - SLOPE= -0.15393412€ 00 XINTER= S.10023 AOLD= 0+10841023E 0%

~AEAST-SQUARES RESULTY — SLOPE= —0.,16333301E 00 XINTER= 9+.09930 AOLD= 0.10830180E 05 -

" LEAST SQUARES RESULT - SLOPE= =0.15273833E 00 XINTER= S.09847 AOLD= 0.10819348E 0S5
———LEAST SQUARES RESULT —— —SLOPES —0+15333301F 00 --—XINTERa . ——_ -9,0004}F - AGLD=. 0108304 76£ 05— - -—
LEAST SQUARES RESULT = SLOPE= =0.1S5S327483E 00 XINTER= ©.05920 AOLD= 0+1082%090E 05
—EEAST-SQUARES RESULT = SLOPE= ~0.15333301€ 00 KINTER= 909930 ADLD= 0410830172 05

LEAST SQUARES RESULT = SLOPE= ~0.15333301E 00 XINTER= 905941 ADLD= 0+10830063E 05

LEAST SQUARES RESULT — - -SLOPE® —0.15332007E 00 XINTER= 609930 AGLD= 0.10829953E 0%

LEAST SQUARES RESULT = SLOPE= -0.15332007€ 00 XINTER= 909930 AOLD= 0.10829844E 05
—LEEASTSAUARFES - RESUET ————StOPE® =0 1533071 4E-00 — - XINTERs 9+ 09930 AOL D= -0+108297346-06- - —

- CCMPUTED LINE = DATA Y(Il)

= 20 8.128 _ 84194 =~0+06S

T 3 2% e -84 077 - - 8el92 . - - =0et15 - S e e
I= 22 8.026 74903 De123

- - - I & 23 . Te975 84035 ~0.060 -

= 24 7928 74998 ~0.074
ciw - 25 - T.873 7.888 =0.015
1= 26 7.822 Te545 0.277

I F= 27 el £ & o & Sl o - Te561 - 0.210 S eem s s s e e
I= 28 T«720 7+651 0.068
T - o k= 29 - 72669 7+854 ~0.185
I= 30 T.617 7692 -0.075

- —- i= 31 - 7+566 7e720 ~0+153 - -

1= 32, 7.515 74511 0.004

- — 1= 33 bt oA -1 2R Fe502 - - =0wOIF - - - o e s e e
1= 34 7413 74248 0165

- - = 35 - - - - Te362 Teb21 -02069 - -
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PLOT OF CURRENT ACTIVE FUNCTION

O2NOMS 4w

*****i’**l*l*i*l*!*}*ilii}ll*{**il**lil’l**!ll
N

10

80

15

~n
1)

3}

~
n
W

01234567850123456786012345578901234567890123456789012345678901234567R890123456789012345678901234567890123456789

RESULT FOR GIVEN TAU = 0415331995 COMPUTED COEFFICIENT (INYERCEPT EXPYE S=09930})) = 8949,0469




INPUT TAU= 0.96442937 START= 3 END= 13
1) £z2191. 2) 53855, 3) 30572, 4) 21358, 5) 152€1s €) 10638, 7) 7653 8) 51504
3 4041, 10 3550 11) 2450 12) 1566 13) 1116. 14) 389, -

PLO

-

OF CURRENT ACTIVE FUNCTION

WO NPU P -

N
)
N R R N R R R R R A R RN E G EE RN RN NG EE R E HGE R RR R E RN

[

[F

48 * 3

49 *

50 * 3 .
01234567690123456789012345678901234567890123456789012345678901234567890123456739012345678901234567890123456789

LEAST SQUARES RESULT =~

—0+96442831E 00 XINTER= 10.91938 ADLD= 0e89490469E 04
LEAST SOQUARES RESULT - —0+11013708E 01} XINTER= 11.06233 AQLO= 0.984394S3E 04
LEAST SOQUARES RESULT - SLOPE= -0.96442288E 00 XINTER= 10.91938 ADLD= 0.89490430E 04
- EEAST SQUARES RESULT — ——-SLORE®- ~0+57544681E 00 — -XINTER= - —.- 10.92973 .- . AOLD=- 0.90385234E_04 .. _ _
LEAST SQUARES RESULT = SLOPE= ~0.96442467E 00 XINTER= 10.91638 AOLD= 0.89490391F 04
LEAST SOUARES RESULTY - SLOPE= —~0+.96550173€ 00 XINTER= 10.92034 ADLD= 0.8957980SE 04
LEAST SQUARES RESULT - SLOPE= =-0.96442288E 00 XINTER= 10.,91938 AOLD= 0489490352 04
+EAST SQUARES RESULT -~ SLOPE= ~0+,96463184E 00 - XINTER= . 1091947 AQLD= 0e.B89499219E 04
LEAST SQUARES RESULT - SLOPE= -0.964422388E 00 XINTER= 10.91938 AOLD= 0.89490313E 04
LEAST SQUARES RESULT — SSEOPE= —0-S64432194E 00 - XINTER= - -— 19+91938 - AQLD= 0+.89491133€ 04— ——
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CCMPUTED LINE - DATA Y(1}

3 10.276 10.32P -0.051
4 Ge 335 Se580Q ~0e025 . -
3 e €34 94633 0001
] 9e312 Ge272 0.040
7 8.991 84643 0.048
3 be66S 8,547 0.122
-] Be 348 Ae30& 0.,044
10 8.026 8.177 ~0.151 - . - -
I= 11 7.705 7004 =0.099
I= 12 7+383 7357 0.027
17 7. 062 7.017 0045

PLOT OF CURKENT ACTIVE FUNCTION

WD N U B e

[F]

{3

oW NN e
WSO HWwNDU P W=

W Wow
~N G0 e
*****l’******‘*****l*i*i*l*l*l’*****i***.ﬁl‘*{*‘l‘.l'*l*
!
h
'

o
D

> P IM-
N 0

43

: 3
012345678901234567890123456789012345678901234567E69012345678°001234567890123456789012345678901234567890123456789

~---  RESULT FOR GIVEN TAU = GvO64 42997 COMPYTED COEFFICIENT-{INTERCEPT EXP{ -10.91%38)) = - .- 5523647617 -
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FINAL CURVE Y = SUM QVER [ OF

Al

At

A¢

IND

1)

2)

3)

EX

BWNO Nk W

W N N
U Pl O

N
~

10£2971093750

B349.04587500

55236.76171275

COIMPUTED

108141.50
S2&470.06
B20995.19
72568, 31
$0350w,. 38
£1754.96
SR325.71
5575051
53798.49
52302.07
51136.53
S022=2e46
49436437
43835.10
48333.39
47958, 39
47530.16
47256401
«5376410
4671350
475472466
45249.62
46041447
45845495
45561433
45636628
45319.75
45160490
45003.05
44862,65
44724421
484550432
44461465
44337736
44218.68
44103486
4399210
430336 36
43783.27
435834 6R
4358744
424544 38
434044348
43317.18
43272473
43150.92
4307187
62534650
42917.35
42847426
4277€470
4270809
42641434
4257616
42513406
42451437
“42391.21
42332.52
4227% .22
AR2E19:26
42164,56
42111.08
4205Re75
42007.54
41957.38
4150824 -
41860.06

TAUC 1)

TAUCL 2)

TAaut 32)

ORIGINAL

105095.00
92276«00
R2S25.00
73094.,00
66347.00
61320400
57930.00
5507%.00
53618.00
52R00.00
513270.00
S50179,00
49435.00
4827.00
47701.00
474R4,00
47331.00
46R800.00
47377.00
4/5818,00
456772.00
458321,00
46173.00
46024.00
4SE675.,00
44 864 .00
44857.00
45002400
45437.00
45016.,00
45040400
44580.00
44526400
44084,00
44330.00
43917400
4367100
432729.00
43212,.,00
43356.00
47672.00
432053400
43074.00
43184.00
A43607.00
43050400
42996.00
42471400
4279500
42257400
42473400
42551400
41749.00
419884,00
42730400
42639.00
42455400
41957+00
42123.00
41014.00
41574.00
41175.00
42149.00
41670.00
41497.00
41 944,00
£1250.00

ACT)*EXP(TAUCT)) WHERE

0.01140280
0e153319GE

0.964426G7

DIFFERENCE

302436
218,62
131.53
17R.05
13.67
-622.28
-262.75
~158.90
£27.85
152.35
316.79
-10.32
64435
-253.36
111.32
-196.86
~222.16
-147436
120.73
~-287.€8
Ra.56
-396438

=123.85
=£90.2€
=-303.70
=-157.09
~EG2434
~5884+36
21694
137.63
62.79
=37£.52
~1S2.22
-305«2€
~500.56
-936.08
90425
=3237.54
—4€0.38
35476
~€10.06

83



84

INCEX COMPUTED - ORIGINAL DIFFERENCE
63 41812480 40902.00 -910+80
€3 41766443 41359400 —407.43
70 41726490 41651400 - =69+96 - — -
71 41676.18 41479.00 ~197.18
7e 41532923 - - —- 4141500 - = 213~23 - -—
73 41589.02 41665,00 75.98
74 41546452 41156+00 - -350+52-
75 41504.,70 41344400 =160.70
76 #1463.53 41699,00 235.47 -
77 41422.38 41981.00 558.02
- 78 *#1IDIv 04 - - 40905+00 - - e AP O—— — - -
79 41343,66 40455,00 ~£88.66
80 h1304. 04 41097400 207 .84
81 41266454 40784 ,00 -S22.5¢
A2 41228 TE6 - - - —40443+00--—— - =7IG .76 — — -
83 41191.86 41712.,00 52054
84 41154463 --41120+00 - - - =34.63 -
es 41118.25 41055400 ~63.25
&6 4310682+30 40747+ 00 =335.30 S ——
e7 41046477 41164.00 117.23
R- ————— —41-085+00—— — - - —F3 036 - -
AQ 40976.89 41228,00 251411
<0 40942452 - - - 4103660 - - - 53+48 -
el 40508.51 41852.00 S432.49
52 4087434 41470.00 - - - 556416 -
G3 40841.52 41078.00 236.48
54 —4-0808vS——— - — 40936400 - —- 12649
°5 40775481 41060400 284,19
o9& 40743w41 406734.00 -5+t
c7 40711.31 40283.00 -428.31
o8 40£75.49 4021 3+00 - - -466+49 - -
o9 40647.94 40134.,00 ~513.94
- 360 40616+65— ——— —40420-00- - — —=106,65 -
101 40585.62 40190.,00 -395.62
102 40655484 - - 40237+00- - - =317.84 --
103 40526429 39836.00 -688.29
104 4049385 - 49558+00- -— — 64401
105 40463,91 40429.00 =-34.91
--106 04340 40366500 65+ 04
107 40404439 40462.00 5761
108 4037435 - 40542, 00— 167404 —
CHI-SQUARE= 4037495703 - ABSOLUTE DIFFERENGE= 000743




Appendix D

Time-Shifted Analysis of the P-15 Phosphor Data
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———N= 256 FIRST= 38 - LAST=1T70 BACKGREUND = - 33126.000 CHANNEL WIDTH= 0-+33330

2) 142786 4) 133039 5) 119177. 6) 105095, TY) 92276. 8) 82528,
—~ 61320 —12) S?080s - --13} S6022, -. 14) 53618, 15) - 52800. - 16} .
17) 50179 18) 49435, 19) 48427, 20) A7701%. 211 ATAGA, 22) 47331, 23) 46800, 24) 47377,
——-25) - 46818, 26) 46775. 27 a5031. 28) A6173s - 29) 46024 30) ASSTS. 311 AA80a, 32} ass8s7,
33) AS002. 34) ASA37. 38) AS016. 36) 45040, 37) 4A4580. 38) 44S526. 39) 44084, 40} A4330,
41} - 43917, 42) A4267%e 43) 43739 44)- 43912, A45) A3396e - A6) A36T2, -AT) A3058, - - 48) A3DTA.
49) 43184, 50) 43607. S51) 43050. $2) 42996, S53) 42471, S4) 42796, S5) A2257. 56) 42473,
574255158 A1TA9y 59 4108860} -ART30s - 631} 42639, -62) 42465, - 63) - 41667 - -64)- 42123,
6S) 41914, 66) 41574 67) 4A117Se 68) 421496, 69) 41670, T70) 41497, 71) 41944, 72) A12%0,
—— T3) ' 40902 T4 41359 TS5) 41651e- T6) A1ATS. T7)- -41419s - T78) 41665, ‘79 41196 - 80) 413440
81) 41699 82) 41981e . 83) 4090S. 84) 404S8S, 85) 41097, 86) A0Taa, 87) A044A9, 88) 41712,
—— 89) 41120. 90) - 41055, SL1y AOTATe 92) 41164, 93) - 41085 -94)— 41228, 95) 41036, 06) AL852,
97) 41470. 98) 41078, 99) 40935, 100) 41060 101) 40734, 102) 40283, 103) 40213, 104) AN13a.
— 10540420+ 106} 40190107 0237, 108) - 39836 109)— 40558+ - 110} 40429, 111) 40365, - 112) - A0A62,

113)  4A0Sa2.

1) 154053, 2) 151572,

23 *» .‘t“t‘ittt”ttl‘ttt

—80+——— - |
| . 01234567890123456789013345678901 2345678901234 5678901 234567890 1234567890 1234567890 12345678901 2345678901234 56789
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- INPUT--TAUR 001140200 START= 6S -END=1 13 - -
1) 120927. 2) 118446, 3) 109660. 4) 99913, S) 860S1. 6) T1969. 7) 59150 8) 4939G.

e 9 39968 -—10)- -3322%e © 11} 28194 - -12) 24824 13) 21953, - 14) 20492, 183 19674, - 16) 18244,
17) 17083, 18) 1€309¢ 19) 1530t. 20) 1A457S. 21 14338, 22) 14208. 23) 13¢74, 24) 14251,

- 285) 13692, 26) 135649. 27) 12708. 28) -13047. 29) 12898, 30) 12649 31) 11738 - 32} 11731 -
33) 11876. 34) 12311, 35) 11890. 36) 11914, 37) 11454, 38) 11400. 39) 10538, 40) 11204,
4137 10791, 42) 10548 -43) 1061 3¢ 44) - 10786+ - 4S5) 10270, 46)- 10846. AT) - 9S72e AB8) 9948,
49) 10088, S0) 10a81. 51) 9924s 52) 9870 53) 9345, sS4 9670e 559 9131, 56) 9347

—— STy — 9428e - 56} - 8623v- — 59} — B662s - 60) —9604s-- 51} 9613 - 62) - 9329, . 63} 8831 £A) 8997,
65) 8788. 66) 2448, 67) 8049, 68) 9023, 69) 8Saa, T0) 8371. 1) 8818. 72) 8124,
- T3 T776e - TA) -- 8233, ) 852Se 76) —~ 83683, -T7) 8293, -78) 8530, 79) 8070« 80) 8218,
81) 85736 a82) 8858, a83) T779 84) 7329 85) 7971 86) 7618 87) 7323, 88) a586e
89) - 7994 °0) ‘7929¢ - 91) 76214 23 8038, 93) --7959. 94) 8102 95) - 7%10. 96)- 8726e - —
97 8344, 98) 7952 °9) 7809, 1000 7934, 101) 7608, 102) 7157 103) 7087 104) 7008,

——105)~ ~T294e - 106} ---7064s - 107)-- - 711te - 108} — 67100 - 109)  FAI24—110) - 7303 - 131) - 7239 —112) — F3360—

113 Ta16.

PLOT OFf CURRENT ACT IVE FUNCFION

bun-

;0@40“
I EEREREER R NEEN)

-
-

LA N
W
XY X}

NE8GES

uunQNNMNN
mboaNoOAMG
RSP RGP RNG NG ULAGARG I R BG R R AR NG E B BN dndS

11
11131111 11
3

111111111

SPPPPHUGWWHL WL
.uunﬂaoqnaa-u“

A48
48
-7
48

1 01234867890123486789012345678901 2345678901234 5678901 234567890 1234567890123456 7.

ER TS RIS S22

1
11

1111111111111

1 1 1
4- 111 1t 1t

11

111
1

1

1111111 11111

1

1
R .
1111111 1

89012345678901 234567890123456789
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AOLD= (0¢32126000E 0S

RINTER=

LEAST SQUARES RESULT ~ SLOPE= ~0s 11393454E-01 9030917
— - - LEAST SQUARES RESWLT -~ SLOPE=- ~0s 1 9834 872E—01 XINTER= - 9eD1048-- - AOLD= - He3EAIASTEE 05 - -
LEAST SQUARES RESWLT - SLUPE= —0e 113934S4E-01 XINTER= 9030917 ADLD= 0D¢3312%5996E 0S
— - - LEAST- SQUARES -RESULT — —— SLOPE= -0y 11 9100S9E-01 — —=- XINTERT . .9,28128 — - - . AOLD™- Ce33AS7230E-085 —
LEAST SOUARES RESULT - SLOPEs =0s 11393454E-01 XINTER= 9.30917 AOLD= 0432125992E 05
- LEAST SQUARES RESULT - SLOPE=-~0s 11436 798E~01 RINTER=- - - e 3DEAT AQLD=- £4+331 59098 -08 - .
LEAST SQUARES RESULT - SLOPE= —04 11393454E-01 XINTER=, 930917 AOLD= 0e33125988E 05
- - L EAST - SQUARES RESULT - - SLOPE= —-0¢ 11408683E~01- - XINTER= De30947 - - ADLD= 0433120273 0S
LEAST SQUARES RESULT - SLOPE= =0e113934S4E-01 XINTER= 930917 AOLD= Co32125984E 0S
—— ~  LEAST SQUARES-RESULT-—  —SLOPE™ —0y 1 1392280E-01 - -XINFERE .~ 9430917 - AOLD= - 0+331262976 08 .
LEAST SQUARES RESULT - SLOPE= -0e11391111E-01 XINTER= " 930917 AOLD= 0433126609E 0S5
- - LEAST SQUARES RESULT — SLOPE= —0s 11392280E~0L - - KINTER=- Se309LT— AOLD= N,33126922E 0%
LEAST SQUARES RESULT - SLOPE= —0e 11393454E-01 XINTER= 9430917 ADLD= ©433127234€ 0S
_LEAST SQUARES -RESULY = -  SLOPE= -0 11395797E-01 - RINFER= - 930917 - ABLD=  0¢33127547E 0S
LEAST SQUARES RESWULT - SLOPE= ~0e 11403996E-01 XKINTER= 930917 ACLD= Qe¢321276%S9E 05
COMPUTED LINE - DATA Y(I)
- - - - = 65 - 94066 - - 94081 - ~0eD15 -
I= 66 9,062 9e041 0e021
—— e - re e i &F - - - G058 - - - Be99I- -- - Ow065—- - — — - —-
I= 68 94055 90107 -0.053
- - - - = 69 9,051 99053 =DeD02 ~ - - —
= 70 9,047 9,032 0015
- - = M - 9043 9084 -0e04t - -—
1= 72 94039 9.002 04037
— e e e fee P o - Q036 . BeOBO - —— - - —0eQPT e . S, PR
1= 74 9,032 94016 04016
— - - i= -75 - 9,028 94051 ~0.023 . .
= 76 94024 94030 -04006
- - te 77 2.020 - 94023 - ~DeB03 -
= 78 9016 9.052 -04036
—_——— e - cmr mm e m—fm —F9- - - 93013 — — - 8996 ——— B I - e -
1= 80 90 009 Ge014 ~Do00S
- I= 81 9005 94056 - —04051 - - - -
= 82 94001 9.089 -0.087
— = 83 - 80997 - 84969 - 0+039— - — -
1= 84 8s 994 8,899 04094
B WP - F=— 88 . - - 8s980- - . 8+983 04007 -
1= 86 8,986 8,938 0e048
— = 87 8,982 — 84899 -- - 0.084 - —. -
1= 88 8. 978 94058 «0+079
—_ i= -89 - Be 976 - - Be 986 -0+012 — -
1= 90 8,971 84978 -0e007
e e e e e i — R - 91— o - Be 967 - . e D00 29 —— e - ——
I= 92 84963 8.992 -04028
- f= 93 8, 959 . 8e982 ~0e022 - -
1= 94 84 956 94000 ~0ebaa
— I=- 98 - -8e982 - Be976-- - =0eD24 - -
= 96 8,948 94074 -0.126
- - = 9T - e Be AN - - 9e0A9— om0 OBE—— n - -
= 98 8,940 84981 -0.040
— - = 99 - 84937 84963 - ~DeD26 ..
I= 100 8,933 86979 ~04046
—- 1=  10% 84929 - 84937 . ~0e008 -
I= 102 Be925 Be876 04050
I= 103 8. 921 8.866 0,056
I= 104 8.918 Be 855 06063
- - - t=— 108 - 84914 848965 —  0e019
1= 106 84910 8e863 0.048 .
_ 1= 107 8Be906 - 84869 09037 -
1= 108 8,902 84811 0,091
- i I= 199 - 8899 ~ - - —— BePII - - mDO1IS - . . . R
I= 110 84895 8,896 -0.001
_ 1=, 11t —8+891 - 8e 88T - 04004 - - -
. I= 112 8,887 84900 -0+013
- = 113 - Be883 84913 — -0e028 -— -
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“OF CURRENT ACTIVE FUNCTION - - _

-

eerbreRERINRN

soqiﬁu&umnﬁ

- b
N

|
|

-16-% 11

31 = 11

32 * 1111111 11 .
33 « 1 111111111

34 * - 11111t i12243tt -
35 * 1112112211221 11 1 11 11 1 1

36 * - 11 1 111 11 11 1 1t 1111111 11111t ——
37 11 1111111 1
38 * —

41 = .

42 * - U

43 °

44 = R

A4S

46 ® - - — -

AT =

48 © - - ——

49 %= -

50 ® .
012345678901234567890123456789012345678901234567890123456789012345678901234567890123456768901234567890123456789

— RESULT PFOR GIVEN TAU = 001140280 — COMPUTED COEFPICIENT (INTERCEPT EXPE 9930917)) = 110384746 ———
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————INPUT-TAUR — — 0415331995 -STARTs-25

1) 109886,

o) 2028m,

END® 40— -

2) 107447, 3) <eT03.

313) 1786 129y

4) 88998, S) TS177.

142 38, 13) 11408 14) 0084 15)-

6) 61136, 7) a8338, L1

3s6an.

17 66640

———25) — 3614e

33 2099

——— 41— 130T —42—-

49)

amy

0208
3519,
1887,
1402,
7024
139,

163
28)
3
40)
ARy
56)

S959e  19) 4990, 20) 4303. 21) 4105 22) a01l. 23)
- 26— -3609e——27)-— 2703+ 28)— 3083, — 29} 2972+ - 30 - 2660+ 31)
35) 36) 2248, 37) 1825, 38) 1807  39)

1203s — 443 — 3430, 885} — - 929, 46} — 1241e 47}

s0) T4, 52) 7740 53} 284 54) 643, S5

1316¢ $1)

-3
5T S01w

81 =
4134,
1917,
1684,
L 733,
- 389

- - - e2e——— - -
22

- - - e
22 ’

an

—s0—+—— -

22 2

22 22 2
~@a - . -

0123436789501 2345678901 2345678901 2345678901234 56789012345678901234567890123456789012345678901234567890123456789




LEAST SOQUARES RESULY - SLOPE= ~0e 15354633E 00 XINTER= Fe 35568 ADLD= 0e11038746E 0S

- - -LEAST-SOQUARES -RESULT = - ~—SLOPE= ~O»111S3197E 00 - XINTER: -Ga27512 - ADLD= -£4+99348711E 04
LEAST SQUARES RESULT = SLOPE= -0 15355277 00 XINTER= 9.35578 AOLD= 0o11038742€ 05

e LEAST SOQUARES RESULT — SLOPEX ~Cel4776FP72E 00 - XINTER=_ 0, 33780 _ AOLD=  £,109283526 05
LEAST SQUARES RESULT - SLOPE= -0, 15355277€ 00 XINTER= 9.35578 ADLD= 0.1103B8738E 0S
-~ LEASTSQUARES RESULT ~ - SLOPEm ~041S204516E 00 KINTER= ~O3SITE - -AQLDT £,11027899E 65
LEAST SQUARES RESULT - SLOPE= ~0e 15355921€ 00 XINTER= e 35578 ADLD= 0,11038734F 0S

- L EAST SOUARES RESULT - ~SLOPES ~0s1S534T7S22E 00 ~ RINTER= —D,3BEAT - _ . __ADLD= - 04 11037620F 05 .
LEAST SQUARES RESULT - SLOPE= —0e 15342999E 00 XINTER= 9.35527 AOLD= 0o11036523€ 0S

NTERz 0. 36506 AOLD=_ £,11038419F 08
LEAST SOUARES RESWLT - SLOPE= ~0e 15331364E 00 KINTER= 9035506 AOLO= 0011034313 05

- ————LEAST—SQUARES RESULT - - —SLOPEw ~0s15338469E 00 - XINTER= - De3EE2T . __ACLDE N, 11035414€ 08
LEAST SOQUARES RESULT - SLOPE= -0¢ 15335238E 00 XINTER= 9¢ 35506 AOLD= Cs11035301E€ 0S5

©- - - LEAST-SQUARES RESULT ~ - — SLEPE= —0s 1533588800~ — XINTER= -0, 35S06 -  AGLD=_ 0.+ 11035188E 06 ..
LEAST SQUARES RESULT = SLOPE= ~0e 15333945 00 XINTER= 9.35485 ADLO= 0011035074 0S

—————tEAST - SAUARES: RESULT — ———SLOPE® —0u153352238E 00— XINTER®E — — 0.35516 —  AOLD= N,110345616 06 —
LEAST SQUARES RESULT - SLOPE= -0e 15333301E 00 XINTER= 9435496 ACLD= 0,11034848€ 05

— - - 4EAST SOUARES RESULT — - —SLOPE= —0s 15332651 00 ~XINTER= ——D,3TABS ADLD= - B, 1I03ATIE-NS
LEAST SOQUARES RESULT ~ SLOPE= —=0s15332007E 00 XKINTER= 9.35485 ADLD= 0,11034621E 0S

—— - LEAST “SOUARES RESULT — -~ SLEPE= ~Oy 1S333301E€ 00 -— XINTER= —— —9,35506 — —AOLD=—0,110345086 08 —

LEAST SQUARES RESWLT - SLOPE= —0e 1 S330070E 00 XINTER= 9e35ATS AOLD= ©0e11034395€ 0S

COMPUTED LINE - DATA Y(I)

- - 1= 2% - 8128 - Ba194 - 0065 E——
. I= 26 8,077 8.192 -0el1lS
- - - - 5 AT 8,026 — Ty - Pet2I - —
1= 28 70975 8.035 -0 +06C
__ DU R iw 29 Te 924 Fe 998 —G=0T4 i
1= 30 Te873 Te888 -04015 s
- 1= 31 Ze 822 Te 545 0277 _—
= 32 Te 771 Te561 0es210
— —_——— - — ——— J® 33 P, PRAP -~ P86 - 0068 . - ..
1= 34 74669 7e854 -02185
e - f= 35 Fe618 - Te692 - =00 TS —_—
1= 36 Te 566 7720 —00153
—_— - = 37 FeS51S TeS11 —  -- 04004 -
I= 38 Te 464 Te502 -0.038
—_— ——— e w30 .. P.A13X Te248 0168 _— -




—38* - R SRR -

Al *x 22 2

43 = 22
— -y R -2 2- 8-

45 *x 22

G * _— 222

47 22 2
—A - -

49 * 2

TS0% - - = : -
0123456789012345678901 2345678901 23456789012345678901 2345678901234567890123456789012345678901234567890123456789

RESULT FOR GIVEN—TAU = Os15331995 — - C&WMW—HWM%—% 11553, 5703 ——

92




INPUT Taux 0o 96442997 START= 8 EnNO= 18

1) 98337, 2) GS6474. 3)  e8276. 4) 79091, 5) 65764,

91 —21586% 10) 15262 11) 10638, 12}y T6S4e 13} s181.
17) 1567e 18) 1117 19) 389

PLOT OF CURRENT ACTIVE FUNCTION

33
33

e 3 — . -

3

N
0
RO BRRERBEOERAREEBRORELEEOR R XTREREEOERRERRERERRERRE RN

3

6) 52192

14) FY-VER

7) 39860, 8) 30573.
15y c3Es0. 18} 2as1.

01234567890123456789012345678901234567690123456789012345678901234567890123456789012345678901234567890123456789

LEAST SQUARES RESULT -~ SLOPE=——0e 9€427786E 00 XINTER=
LEAST SQUARES RESULY - SLOPE= ~0s11011240E° 01 KINTER=
LEAST SQUARES RESULT - SLOPE= ~0¢ 96430689E 00 XINTER=

et EAST SOUARES RESULT-~ — —SLOPE= ~0+ 975284345 00— XINTER=
S_OPE= ~-0s96428652E 00

LEAST SQUARES RESULT - XINTER=
LEAST SQUARES RESULT - SLOPE=- -0 9653T668E 00 KENFER=
LEAST SQUARES RESULT = SLOPE= ~0e96428692E 00 XINTER=
+ EAST SOQUARES/RESULT ~ SLOPE= ~0s96435409E 00 XINTER=E
LEAST SOUARES RESULT - SLOPE= ~0¢ 96448123E 00 XINTER=

£432 £ 00 - XINTER=
LEAST SOUARES RESULT - SLOPE= ~0s 96439588 00 KINTER=
LEAST SQUARES RESULT — SLOPEs—~0s 964406 T9E 00 XINTER=
LEAST SQUARES RESWLT - SLOPE= -0« 96AAQSGAE 00 XINTER=
LEAST SQUARES RESULT - SLOPE= ~0596443039E 00 XEINTER=E

12052630 AOLD= ©0,11553570E 05
12489714 ADLD® 84,12708918€ 05
12052630 AOLD= O0.11553%66E 03
:Q-R-A'\R ADL D= F PRy Y .Y 4
12.52624 ADLD® 0,11553563F 0%
12,8292 ADLD® 041166820908
12452624 AOLO= 0e115535S9F 08
12, 52686 AOLD® 0,11884703. 08
12452679 AOLD= De11SSS848E 0S
12 %3888 - .
12,52662 ADLO= 0.115S4809€ 0S .
12,52653 AOLD® - 0s116S4910E- 08
12.526%6 AOLD= ©,11S55027¢ 0S8
12,%52882 ADLO= - 0411686337008

93



1= s 10e277 10.328 04051
_— - e s - - 9e985 - - - 9,980 —0.028 - . R
1= 10 9. 634 94633 00001
—fm——31 - —Ge312 S - 9e2FR — i QeDAO - —— .
1= 12 8,991 8,943 CeDaB
—_— = 13 8:669 - Bv507 -@el22
1= 14 2.348 8.304 0.04e
————— - - I= 1S - 8.026 - 80177 : -6+151 - - - -
1= 16 74705 7.804 ~04099
* 17 e e384 ——m - FeBEF — - . 0P e - —
1= 18 74062 74017 0045

:

—OF CURRENT ACT IVE FUNCTION - -

JP—
‘ﬁﬁ

| |
lLuQuu-u
[E XX R XX B
i

#:so
T

n%n
[ ] o
. *

|

'

'

i

i

!

t

|

—as-——— 3

— 3

01234S6789012345678901 2345678901 2345678901234 5678901234567890 123A567-8§0 123456789012345678901234567690123456789

- RESULT POR GIVEN - - Ve 6442957 —— COMPUTED COEFFICIENT (INTERCEPT EXP{ 12.52€62)) = 2755763128
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- FINAL CURVE Y = SUM OVER I OF

ACTI)*EXP{TAUCTI)) WHERE

0401140280

At 1) = 11038,746093738 TAU( 1) =
AC 2) = 1155S3,570312350 TAUC 2) = 0015331995
Al 3) =275576431250000 TAUL 3) = 096442997
INDEX COMPUTED ORIGINAL DIFFERENCE -
1 331294063 1540S3,00 =~177241.63
- - & 25492144 - ——- 151572.00 -- -— - S s
3 199402, 21 142786, 00 ~566164 31
- . 1590104 54 - 133039500 - ~25971 94 - -
L] 129594, 94 11917700 -10417.94
(-] 108143,00 103095+00 - =3048,00 —
7 924716 38 92276400 ~195,38
- - R 8 88355« 28 £22525. 080 - 528463 -- - _
9 72569 38 73094,00 524,63
10 66357« 21 66347400 ~10e31 -—
11 617556 %1 61320400 —-435. 91
12 583264 64 57950400 —376+64 —-
13 557S51e 43 5507900 —672+ 43
- - 14 53735 40 53618900 -- -—— —1BleW0 - - --- - ————
15 523024 98 52800400 49702
16 511404 4S5 51370.00 229+ 55
17 50223, 37 501 79. 00 —~44 4737
18 A948Te 49 494 35,00 5249 -
19 488086403 48427.00 =459,03
T T 20 4838450 52 - 47701+ 00 — - —683¢92 - -
21 479596 32 47464400 —495432
22 475910 11 A47331.00 —260+411 —
23 472660 96 46800, 00 =466 ¢ 96
24 A69T 72 14 AT37T7s00 399.86 -_—
25 467140 46 46818, 00 103454
- —e 26 46473, E0 45TTE00 - - — ——— —301+ 40—
27 462500 %9 45831,00 41959
28 460424 45 46173,00 - 13055 - —
29 458466 53 46024400 177.07
30 A5662e 31 45675« 00 12069 —
31 45487027 44864400 -623e27
32 4532073 244637400 -— ~4624 73 -
33 451614 289 45002400 ~159.89
- 34 45010, 0% 45437, 00 426995 —
3s 44864464 45016400 151436
36 A4T25. 21 45040400 - 314479 —-——
37 44591,33 44580600 —1133
38 384524 €3 44526400 —63+35 T
39 44338, 26 44084.00 —254 ¢ 86
- 40 44219, 69 44330400 1103 -
41 44104, 26 43917.00 =187+ 86
- - - - 42 42994516 4367100 - 323416
43 43887436 43739+ 00 —148436
44 43784, 27 43912600 12773 —_—
as 43684468 43396400 —288,68
46 43588445 43672400 B35S . _—
a7 43495, 238 43098, 00 -397.38
48 43405, 28 — — A0 T4, 00 331,34 ———— ———
49 43318.18 431 84,00 -134018
i - 50 43233475 - - - 43607.00 373.25 _
s 43151.952 43050.00 —-101e92
- %2 - 43072457 42996400 - -6 87
53 42995, 58 42471400 —524,.358
R - 42920, 084 A2796, 00 B X - Y S S —
1] 42848425 42287.00 ~591e¢25
56 4277 T 69 - ‘4247300 ~302+69 _—
57 42709. 09 42551400 -158409
, S 42642433 41749,00 ~89333 _
59 42577, 34 41988.,00 ~589¢34
60— A2SIAs A A2TI0. 0 218,96 ————————
61 42452+ 235 4263900 186463
. 62 42392419 42455, 00 62481 —_—
&3 42333, 49 41937.00 ~37649
64 42276020 42123,00 —153¢ 20 —
[ 65 42220023 41914000 -306.23
864218553 AlETAs 80— -8591.53 ————————————————————————

\

>
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- INDEX COMPYTED ORIGINAL
67 42112405 411 75,00
- 68 - -42059s 72 42149.00
69 42008, %0 41670+€0
70 43958 34 41497400
7 419094 20 41944,00
———— s —- T2 - — 4106101 - —-  41250,00
73 41813.75 40902.00
74 - 41767638 413594 00
s 41721484 41651.00
76 416TTe 12 - 41479.00
kad 41633, 16 - 41419400
——————em - P8 A1589¢96 ———— 41665400
) 79 41547045 41196400
- 80 41505, 63 41344,00
81 41464046 41699400
_ - 82— - - 41423351 — - —-  41981+00 -—-
a3 41383496 40905.00
-2 41344, 58 40455400
8s 41305. 75 41097, 00
a6 - 412676 46 40744400
a7 41229067 40449.00
S e B8 — - A9 R 3 — - 4171200 -
1] 41155.5 41120000
- 90 4111915 41055+ 00
91 41083420 40747.,00
92 4304766 - 41164200
93 41012453 41085.00
- — 984 - —AQ9TTETE —— — - 41228,00 — -
9s 40943, 41 41036000
- 96 409094 39 41852400
97 40875073 41470.00
98 40842639 -41078400 -
99 40809. 38 40935,00
—_———— 100 AOTTGs E6——— —— 4106000 ——
101 40744, 28 40734.00
_— 102 07123 18 40283400
103 40680¢ 35 40213400
_ 104 40648 75 401 34200
105 40617 50 40420,00
———————————106-— 40586547 — — - 4019000
107 40555, 68 40237.00
——= 108 40525+ 14 39836. 00
109 4049483 405584 00
—— 110 40464 T4 - 40429400
111 40434, 88 40365, 00
112 - AO4O0SS 23 —— —  40AG2+00- - —
113 40375079 40542, 00

CHI-SQUARE=

4037578516

OIFFERENCE -

-93740%
89,28
-338,50
-461434 -
34,80
- =6tte®1- — . em e e e e
-911e7%
—-4084386
70,84
-198,12
-214.16
75404 - -
-351 445
-161.63 .
234454
557009 - P -
~478.96
-889,58
-208.7%
-—523.46
~780467
619463 - - - - o —
-35,53
—64418
~336420
- - 116434
72047
- - 250622 -~
92459
542,61
598,27
235.61
125,62
283¢32 --—— - - — -
-10,28
~429418 -
-467435
- —51AwTO - - .-
-197450
- =BG AR - — - mm e
-318468

C - ~689¢14 - - -

ABSOLUTE DIFFERENCE=

63417
- -3s.7e - - -
-69. 88
O T
166021

0602934

NASA-Langley, 1972 —— 23
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